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The Polynesians, greatest navigators of all time, made voyages 
back and forth in the Pacific between small islands thousands 
of miles apart. The knowledge of how they did this, without in¬ 
struments and without charts, has never before been explained. 
After years of research, Harold Gatty, the navigator of the Post- 
Gatty "Round the World Flight" in 1931, has completely solved 
the question and presents in this book the simple and effective 
methods of the Polynesians for the use and benefit of those who 
need to find their way at sea. 

With this book and enclosed charts, no instruments other than 
a stick and a piece of string, and no previous knowledge of 
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he will but take advantage of the information contained in 
this book. With the knowledge Harold Gatty has compressed 
into this book, the open sea, anywhere in the world, is a friendly 
place, full of life, and the means of maintaining and saving it. 
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The Polynesians viewed the stars as moving bands of 
light passing over the same islands night after night. 
They knew the stars which passed over particular 
islands, and used these stars as heavenly beacons to 
lead them to their destination. 

The frontispiece showing stars over the southwest 
Pacific illustrates a specific instance of the use of Sirius 
as an overhead star for Vanua Levu of the Fiji Islands. 
The stars are in their actual positions for 3 minutes 
after midnight local time on January 1st 1944 (about 
4 minutes earlier on each succeeding night). 

The above diagram gives the names of the islands in 
the frontispiece, and the names of the easily recogniza¬ 
ble stars which are overhead at the same time in these 
islands. 













The sun sags down on Tama’s path, across the changing sky; 
New stars do leap above the deep to meet the wondering eye; 
New seas are spread on every side, neiv shies are overhead; 

New lands await the sea-kings, in the x’ast grey seas ahead. 

Maori song. (After Best) 
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INTRODUCTION 


This book has been written for those who, without previous experi¬ 
ence in navigation and without navigating instruments, find them¬ 
selves in small craft in the open sea and who have to make their way 
to land. 

The methods contained in this book include the simple and effec¬ 
tive means that enabled primitive peoples to travel across the oceans, 
as well as other ways that have been devised at the present time to 
fit your particular problem. 

It has been definitely established that primitive peoples had no 
more “sense of direction” than we have. Realizing this, and follow¬ 
ing their time-tested methods, you can have full confidence that you 
can find your way as well as, or better than, they could. 

Many others before you have made long and successful voyages in 
very small boats and rafts. Just because the methods of the Polyne¬ 
sians are frequently mentioned throughout this book, it should not 
be thought that these methods apply only to the Pacific Ocean. 
These great seafarers happened to populate the Pacific, but they 
could have navigated equally as well by the same means in the 
Atlantic. 

Several new applications of old ideas have been worked out and 
are included here. The use of a watch with the simple methods given 
in the book will enable you to fix your position in an east and west 
direction (longitude). There are also a number of methods in this 
book for obtaining your position in a north and south direction 
(latitude). 

However, it is of the utmost importance that you carry a watch 
kept running on Greenwich Time. All persons who are sailing the 
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seas or flying over the seas in these times, should have their watches 
set on Greenwich Time for their own safety. 

With reasonable rations, even though you are far at sea, you 
should have no worry about reaching land. There are simple ways 
described in this book to fit all circumstances. 

Following are important suggestions which should be closely ad¬ 
hered to: 

1. If you know where you are when you board your craft, mark 
the position and the time on your Base Chart accompanying 
the book. 

2. Keep track of your course and speed as best you can. 

3. Keep as regular a course as possible without unduly exerting 
yourself until you are sure of the direction of land. You have 
every chance of being picked up if you just keep your head and 
conserve your strength. 

4. Knowing your position and the direction to the nearest land 
does not mean that your best way is necessarily a direct course. 
Let the winds and currents help you. The longest way round is 
sometimes the shortest way home. 

5. Do not let the direction of the wind at the moment be the basis 
of your decision. Study the wind, current and water tempera¬ 
ture charts on pages 70-81 and from the resultant winds and 
currents make your decision as to the most advantageous course 
to follow. 

This book is given with the idea that it should be read, if possible, 
before any emergency arises. It is hoped, however, that the informa¬ 
tion and suggestions it contains will justify carrying it at all times 
for repeated reference in helping you to find your way to land. 


☆ ☆☆☆☆☆☆☆☆☆☆☆☆☆ 


LORE OF THE SEA AND SKY 

Present day navigators are apt to place so much reliance on mechan¬ 
ical and tabular aids that we sometimes forget that primitive peoples 
were able to voyage over a large part of the world without any such 
devices. A study of these primitive methods shows that there are 
many valuable aids we have neglected or forgotten, and that a con¬ 
tinued reliance on mechanical aids places us in a very helpless posi¬ 
tion when deprived of them. In the lore of the sea and the sky one 
can still find those fundamental and simple means which gave early 
man confidence and enabled him to find his way on the trackless 
sea. The earliest navigators of history—the Phoenicians, the Arabi¬ 
ans, the Vikings and the Polynesians—all used very much the same 
basic methods but applied them differently. 

In addition to the basic methods common to all the early navi¬ 
gators, the Polynesians had many unique and superior means; for 
this reason much of the material here presented deals with the art 
as practised by them. Having originally migrated from the west 
coast of India, the Polynesians peopled islands over the length and 
breadth of the Pacific. Unlike continental races whose migratory 
urges never took them far from shores, the Polynesians were an 
oceanic people and were forced to develop the art of direction 
finding at sea to a high state of perfection. Under the compulsion of 
economic pressure, tribal differences, or trade in semi-precious 
greenstone, the Polynesians made extensive sea voyages throughout 
this vast area and maintained frequent intercourse between groups 
of islands thousands of miles apart. 

When one realizes that all of the habitable islands scattered over 
the Pacific Ocean in a triangular area of approximately 4,000 miles 
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on each side extending from the Hawaiian Islands to Easter Island 
(2,000 miles off the coast of Chile) and to New Zealand, roughly 
constituting what is now known as Polynesia, were settled by one 
people, of one culture and one language, it should be conclusive 
evidence that the Polynesians were without doubt the greatest 
pathfinders in history. The back and forth voyages between Tahiti 
and New Zealand over a distance of 2,500 miles are a matter of his¬ 
tory, as are also the voyages between Tahiti and Hawaii over a simi¬ 
lar distance. The last of these voyages was made about the year 
1350 a.d. when a considerable fleet from Tahiti permanently colo¬ 
nized New Zealand. The last of the colonizing voyages to Hawaii 
had ended about a century previously. 

There is very little, if any, difference between the problems con¬ 
fronting a Polynesian voyager in the open ocean far from land and 
those of the occupant of a raft or life-boat; each must rely on his 
ability to determine his position and the course to the nearest land 
without the aid of modern navigating instruments. 

You are in a much better position to solve the problem than the 
Polynesians were, because you are equipped in this book with addi¬ 
tional simple and practical ways and means of locating and guiding 
yourself ashore. 

Any system of navigation is a combination of a number of meth¬ 
ods, each of which must be used at the appropriate time. This is 
just as true today as it was a thousand years ago. The direction find¬ 
ing methods of the Polynesians have not been easy to reconstruct; 
for aside from the fact that they had no written language, they kept 
their system of navigation as a very jealously guarded secret in the 
hands of the Tohungas, or priests. This placed the men who knew 
their way about the ocean among the most powerful members of 
the tribe, since it gave prestige second only to the chief, and en¬ 
tailed considerable material advantages. 

In order to learn their methods, it has been necessary to look 
carefully into their legends and the accounts of early white ex- 
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plorers in the area, and gradually piece together the essentials of 
their system. Because students of primitive culture are not usually 
navigators, a complete understanding and interpretation of the 
Polynesian system of navigation has not previously appeared. 

Having spent the greater part of my life in the South Pacific, with 
the opportunity of extensive research in primitive navigation, I am 
satisfied that solely by use of these same methods anyone in any 
ocean can find his way to land. 

The Micronesians, inhabiting the many small atolls of the Caro¬ 
line and Marshall groups, to the northwest of the Polynesian area, 
are people of a distinctly separate wave of migration and are of part 
Mongoloid origin. 

Most of their methods for finding position on the high seas are 
identical with those of the Polynesians, but in addition they evolved 
a system of charts particularly suited to the conditions throughout 
their scattered groups. As with the Polynesians, their means of find¬ 
ing their way was kept a closely guarded secret. It was not a monop¬ 
oly of the chiefs’ families, but more the secret of certain intelligent 
individuals who, with marked powers of observation, were espe¬ 
cially trained in this art, and, in turn, transmitted it to similarly 
gifted members of their families. Like the Polynesians, the Marshall 
and Caroline Island navigators enjoyed special privileges usually 
reserved for the chiefs. They were permitted to walk on the weather 
side of an island, and they possessed very high social standing to¬ 
gether with the advantage of the use of more land. 

It is interesting to note that a century after the last of the great 
Polynesian colonizing migrations, we read of the pre-Columbian 
navigators of Europe still being afraid to venture out beyond the 
Pillars of Hercules into the Green Sea of Darkness, the Atlantic. 
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MIGRATORY BIRDS AS WINGED PILOTS 


Birds have played a far greater part in the opening up of the world 
than is generally realized. It is the writer’s conviction that man has 
been led across the water to other lands by migratory birds. 

A study of the tracks of the migration of land birds in the Pacific, 
and further consideration of the evolution of bird migration routes, 
shows that man’s path in the Pacific has followed the paths of land 
birds. No people, whether primitive or civilized, would set out over 
thousands of miles of ocean without knowing that they were going 
to some land. The Polynesians, who were, like all primitives, close 
observers of nature, saw the land birds taking off year after year in 
the same direction, and knowing that they were not able to rest 
on the ocean, must certainly have realized that another land lay in 
that direction. What else would lead these seafaring people from 
Tahiti to New Zealand but the repeatedly observed migration of 
the Long-tailed Cuckoo between these two places? 

In such migration flights, the Long-tailed Cuckoos do not all set 
out at once, but straggle over a period of two to three weeks, the 
young ones taking off first and the older ones later; and, since their 
flight level is never very high some part of the migratory flock can 
always be seen by day or heard by night. 

The Polynesians setting out to follow such a migration route 
took a careful departure by lining up range marks on the shore 
previously determined from the flight of the birds. Having once 
made the voyage and observed the many other indications along 
the route, they eventually needed the birds no longer and voyaged 
back and forth with perfect confidence. 

This same condition applied between Tahiti and Hawaii, along 
one of the tracks of the Golden Plover which migrates between 
Alaska and Tahiti. As Wells Cooke, of the U. S. Biological Survey, 
has suggested in “The Book of Birds” by Henry Henshaw, there 
has been an evolution of the migration routes of birds in the Pacific 
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as there has been on the American continent, where the Golden 
Plover has, over a period of centuries, shortened its tracks. This 
latter far flying bird, many centuries ago, may have taken a path 
from the northeastern tip of Siberia down the Asiatic coast through 
the East Indies and a little south of the Equator to Tahiti and the 
Marquesas; along the very path from the East Indies across the 
Pacific as followed by the first Polynesian stream to these groups. 

At a later period, the route of bird migration from Siberia is 
thought to have been from the Kamchatka Peninsula through the 
Japanese Islands and by way of the Caroline and Marshall Islands 
to Tahiti. 

The second Polynesian route was through these Micronesian 
Islands. A later, and in fact, one of the several present day routes 
of the Golden Plover is from Alaska through Hawaii to Tahiti. It 
is believed that the Hawaiians were led to their islands from Tahiti 
by these same birds. In a like way, I believe that the original inhab¬ 
itants of New Zealand, who were Polynesians with mixed Melane¬ 
sian traits, came to New Zealand from Polynesian settlements in the 
vicinity of the Solomon Islands, following the migratory track of 
the Shining Cuckoo. 

I have dwelt on this to stress the fact that the flight of birds was 
very closely watched by these oceanic people. Like all primitive 
wanderers, they realized the great value of noting the flight of birds 
as a means of finding direction. 

☆ ☆ ☆ 


MIGRATION OF INSECTS 


Butterflies or other insects are sometimes seen hundreds of miles 
out at sea; hence, they should not always be taken as an indication 
of being close to shore. It has been established that some of them 
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migrate very long distances over water. Moreover, the direction of 
their flight is apparently little influenced by the prevailing winds 
since they have been observed in enormous numbers flying against 
the wind just as often as with it. 

During migratory flights, butterflies rarely fly as high as 100 feet 
and hence are always easily seen. Unlike migrating land birds, 
whose direction of flight is always from one point of land to an¬ 
other, only the direction from which the butterfly has come is of 
any value in determining the direction of land. Butterflies are 
known to cover several thousands of miles in their migrations. It is 
definitely known that they do not migrate for food, for their mass 
flights take them into many unfavorable places such as out to sea, 
across the ocean or towards the Arctic regions where they perish. As 
an aid in pointing towards land, the only clue to be drawn from the 
migration of butterflies when seen at sea is that they have come 
from land. 

Although the direction from which migrating insects are coming 
points towards land, any one such indication alone is rarely entirely 
reliable of itself, but should be correlated with all other observa¬ 
tions denoting land. It has been recorded that a single stable fly 
alighted on a small vessel which was still fifty miles off the southeast 
coast of the United States. This would not of itself be positive evi¬ 
dence of the proximity of land; yet, correlated with other equally 
suggestive findings, it would strengthen the probability of land 
nearby. 

☆ ☆ ☆ 

LAND SIGHTING BIRDS AS NAVIGATING 

INSTRUMENTS 

Shore sighting birds, carried by all primitives, when released, made 
their way to the nearest land. This was a method common to the 
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Phoenicians, the Arabian navigators of the Indian Ocean, the Vi¬ 
kings in the Atlantic, and the Polynesians and Micronesians in the 
Pacific. 

The story of the deluge in Babylonian and Hebrew literature de¬ 
scribes the well-established use of shore sighting birds. When Floki, 
the Norse navigator, left the Shetlands for Iceland, he carried a 
number of Sea-Ravens (probably Shags). A few days out, one of these 
birds was released. It circled for altitude and seeing land astern 
flew towards it, thus giving Floki a back bearing on his point of 
departure. Several days later, a second bird being released returned 
to the vessel after circling and seeing no land. Eventually one of the 
birds, upon being released, took a forward course to Iceland which 
indicated the final direction to their destination. 

The Frigate (or Man-of-War) Bird was the shore sighting bird of 
the Polynesians and being plentiful in these regions, was always 
available. Although an oceanic bird, it does not normally land on 
or take off from water. Even in recent times. Frigate Birds have been 
used as message carrying birds between the islands. 

On Ocean and Nauru Islands in the central Pacific, Frigate Birds 
are still kept as pets but probably because the native voyages have 
ceased, the islanders have forgotten the origin of the custom. 

The most adaptable bird for shore sighting would appear to be 
the trained pigeon, and there seems no reason why such birds could 
not be carried in lifeboats and in rafts. Upon being released a 
pigeon would circle for altitude and either go to land, or, if no land 
were in sight, would return, and enter its cage again. 

If two birds were carried, the first bird could be released, and 
after noting the direction which it took to the nearest land, the 
second bird could be dispatched with a message giving the bearing. 
If carried, these “feathered instruments” would at least be available 
for food if not used as messengers. Even the corn with which to feed 
them need not be wasted. 
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LAND INDICATIONS FROM SEA BIRDS 

He who, from zone to zone, 

Guides through the boundless sky thy certain flight, 

In the long way that I must tread alone, 

Will lead my steps aright . 

To a Waterfowl— bryant 

One of the most important ways of telling when you are near land 
and in what direction it lies, is by carefully noting the flight of sea 
birds. There is nothing very difficult about this if the main bird 
types can be recognized. 

Each area of the ocean has its own characteristic temperature, 
depth, salinity and movement, and thus its own particular marine 
life. It is this marine life which determines the type of bird found 
there, and, hence, by identifying the birds that you see you will 
know many things about the area in which you find yourself. 

Robert Cushman Murphy, in his authoritative work, “Oceanic 
Birds of South America,” states: 

"... if the quality of the water may tell us something about the birds, the birds 
should also tell us much about the water. The Snow Petrel requires water which 
is cool; Tropic Birds prefer water which is clear, dense, saline and moderately 
warm; the Brown Booby clings to water inhabited by flying fish which, in turn, 
are limited to water of definite temperature and gaseous content.” 

He goes on to say that in the Tropical Zone the relative scarcity 
of oceanic bird life contrasted with conditions in cooler latitudes, 
is very striking. In general, the majority of tropical sea birds do not 
range far from their breeding grounds on islands, island groups and 
continental coast lines. The presence of man, animals or other natu¬ 
ral enemies on the larger islands reduces the bird population, but 
on the small islands in the Tropical Pacific and Indian Ocean, where 
the birds are not disturbed, they breed in large numbers. 

One observer making a long cruise in the Tropical Pacific re¬ 
corded an average of only one bird for every 125 miles of open sea. 
In fact, one may travel for days across tropical oceans and see no 


birds at all. If you are in such an area, do not let this discourage you 
for there are many other ways of locating yourself that you can use. 
It will be realized then that the value lies in watching for the in¬ 
crease of birds and the presence of certain birds as an indication of 
approach to land. 

Another observer on a voyage between San Francisco and Tahiti 
noted that for the first two days North American coastal birds were 
seen, after which for five or six days he saw only an occasional petrel. 
Nearing the Equator, when scattered woolly clouds became thicker 
and grayer, the swell increased, rainstorms came and suddenly num¬ 
erous birds appeared. Among these were Storm Petrels and Red or 
White-tailed Tropic Birds; then, as islands were approached, large 
numbers of Terns were seen. As the ship proceeded farther along 
the birds dropped away as abruptly as they had first appeared. 

This sudden appearance and disappearance of bird life in the 
Doldrums or when passing from one current or ocean area into 
another shows what different conditions may be found in neigh¬ 
boring waters. One locality may be rich in its ability to support 
bird life, which conditions may be entirely lacking in another area 
nearby. Such change in bird life is strikingly seen at the meeting of 
one current with another where an upwelling of the cooler water 
from the depths brings food to the surface. An example of this is 
where the Gulf Stream meeting the Arctic Current causes extensive 
eddies and contrasts. 

Far from land, especially in the tropical regions, sea birds are very 
scarce, and this is where you may need them most for food. All sea 
birds are edible and are not difficult to catch provided you have a 
fishing line and can float a baited hook. The Albatross and other 
hook billed birds may be caught with a shiny metal object that will 
catch in their bill. Other birds will dive and gulp any hook baited 
with a bright rag or suitable object. 

The flesh of sea birds and fish may glow in the dark but is still 
good to eat. 





The top chart of the North Atlantic shows the average number of 
birds seen per day. We note that 1 oo birds were observed daily around 
the Faroe Islands, only 1 per day in the middle of the Atlantic, 4 in 
the vicinity of Bermuda and 34. around the Cape Verde Islands. 
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It is interesting to note that on a line between Bermuda and the 
south of Spain, 1 bird per day was seen in the middle of the Atlantic, 
increasing to 4, 7, and 15 as Gibraltar was approached. 

The lower diagram for the South Atlantic shows that an increas¬ 
ing number of birds appears as one goes south of the Equator. 
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HABITS OF SEA BIRDS 


The habits of a representative number of sea birds are given as a 
general indication of their value in determining the vicinity or 
direction of land. From pages 24 to 33, plates and accompanying 
descriptions of 43 species of sea birds will be found. 

The illustrations by the eminent bird artist, Francis L. Jaques, 
are drawn so that the distinctive features of each species may be 
easily recognized. After recognizing a bird from the plates and de¬ 
scription, a glance at the tabled summary, “Land Indications from 
Sea Birds” following the identification plates, will show what may 
be deduced from observations of a particular bird. Reference should 
be made to the distribution, breeding places, and dates of breed¬ 
ing at the back of the book, pages 141 to 152, for a more certain 
indication. 

It will be noted that at different times of the year, according to 
whether birds are breeding or not, their habits, and therefore their 
importance as indicators of land, will vary accordingly. The tabled 
summary is given as a general guide. It should be borne in mind 
that there will be exceptions, and that the art of finding land is 
made up of many evidences, which when put together, result in 
more certain assurance of the distance and direction of land. 

General information on the habits of the families comprising the 
43 representative species, which is intended to augment the tabled 
summary, follows. 

ALBATROSSES 

See plate i and pages 24,141,142 for further data. 

The albatross sleeps on the water, and like a number of other 
oceanic birds drinks salt water, thus never having need to seek land 
except in the breeding season. 

It is not difficult to catch. One method which I have used success¬ 
fully off the south of New Zealand is to trail a small open triangle of 
brass on the end of a line. The albatross, attracted by the shining 
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metal, gets his curved bill caught in the triangle. It is then an easy 
matter to haul him gently aboard, after which he becomes violently 
seasick. If you do catch one, watch your hands because this bird has a 
very sharp bill. The strong, hooked bill is common to all albatrosses. 

There are thirteen known species of the albatross family. Nine 
of these are found in the southern oceans, three in the Northern 
Pacific, and one which breeds in the Galapagos Islands off the north¬ 
west coast of South America. 

Although the greater number of Southern Hemisphere albatrosses 
breed from December to February, it is believed that they breed 
only every second year. For this reason, they may be found far out 
at sea at any time of the year and are, therefore, at no time a sure 
indication of land. 

When the North Pacific albatrosses are not breeding, that is, from 
April to October, it is quite possible that any small number may be 
a long way from land. 

PETRELS 

See plates i, 5 , and pages 24,32,142,143,148,149,150 for further data. 

The family which includes the petrels, shearwaters, fulmars, and 
the Cape Pigeon spend their time at sea when not breeding. The 
majority of them stay close to their breeding grounds, but others 
migrate from one hemisphere to the other. Even when at sea, they 
like to congregate. They are surface feeders and may be seen very 
often skimming the water, and some of them dive for food. In order 
to derive any value from the observations of birds of this species as 
indications of land, it will be necessary, after identifying them, to 
refer to their distribution, the location of their breeding places, and 
dates of breeding. 

It will be noted that the fulmars are found only in the Northern 
Hemisphere and are truly oceanic birds. They are one of the most 
numerous birds of the northern oceans. The Cape Pigeons, also 
oceanic birds, are found only in the southern oceans. These noted 
ship followers may be seen far from land. They will be found in far 
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greater numbers close to land even in the season when they are not 
breeding, and it is by the observation of these birds in great num¬ 
bers that deductions may be reached that land is close by. 

The sight of a considerable number of the shearwaters during the 
summer breeding season in either hemisphere may indicate that 
they are flying to or from land on daily fishing trips. Most of the 
shearwaters migrate long distances, but are usually limited to with¬ 
in 200 miles of coasts when not migrating. The tabled summary will 
show that some of the species of the shearwaters do not go as far to 
sea on their daily fishing excursions as others. 

The storm petrels are ship followers and may be seen a long way 
out from shore except during the breeding season. Wilson’s Storm 
Petrel is usually an indicator of the Gulf Stream when seen in num¬ 
bers in that vicinity. 

The observation of increasing numbers of any of the petrel fam¬ 
ily certainly indicates proximity to one of their island breeding 
places, where they may be seen off shore in hundreds, and in certain 
places, many thousands. Single birds or small numbers of petrels, 
even during the breeding season, may be far from land and spend 
the night on the sea, but this will not be the case with larger numbers. 

BOOBY BIRDS AND GANNETS 
See plate 2 and pages 26,143,144 for further data. 

These birds, which breed in such large numbers on oceanic 
islands, are always good indicators of land. 

All of the booby and gannet families are great fishermen and 
may be seen, especially in the early morning, departing from land 
on their way to their fishing grounds. They usually return to their 
nesting places in the late afternoon with full bellies of fish for their 
young, retaining any balance for later digestion; that is, if they can 
avoid the Frigate Bird on the way back. Should you, as happened 
to the writer, find yourself stranded on a barren island where these 
birds are found, a supper of quite edible fish may be obtained by 
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walking among them in their nesting places, for they will readily 
disgorge their freshly caught fish at the movement of your foot to¬ 
wards them. If you are at sea and you observe boobies flying in the 
late afternoon, you can be very certain that they are flying directly 
to land. This applies also to the Frigate Bird. If you have only one 
shot left in your pistol and you are near enough to shoot a booby 
on its way home in the afternoon, you will be sure to dine on fish. 

The Brown Booby usually fishes within the limit of about 30 
miles from its nesting grounds, but, allowing for slightly varying 
habits in different parts of the world, it would be safe to assume an 
outside limit of 75 miles for any number of Brown Boobies seen 
at sea. The farthest out that a single Brown Booby has been recorded 
was 120 miles from land and that was in the Caribbean Sea. 

It is important enough to bear repetition that the observation 
of a single bird is insufficient evidence on which to base an estimate 
of distance from land. 

If I saw one or two Brown Boobies, I should note the fact and keep 
a close watch for any others that may appear. If I saw half a dozen 
Brown Boobies, I would judge that I was not more than 75 miles 
from shore. I would watch the direction of their flight at dusk and 
would be quite safe in assuming that they were flying towards land. 
If I saw greater numbers of boobies, say, a dozen or more, I would 
be safe in judging that I was within about 30 miles of land. I would 
carefully observe the direction of their flight at dusk and at dawn 
and this would reveal the shortest way to land. 

The Red-footed Boobies may be seen flying out to sea in the early 
morning on their daily fishing excursions and returning after sunset. 
They usually return to their colonies in files or irregular wedges 
making a direct line to their nests. Of all the boobies, the Red-footed 
Booby is usually the last of the birds to arrive at night. On moon¬ 
lit nights they have been known to make short fishing excursions. 

The Red-footed Boobies are most plentiful up to 25 miles at sea; 
smaller numbers range from 25 miles to 50 miles out and rarely are 
met with beyond 75 miles, but then only as individual birds. 
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The gannets are not mid-oceanic birds, being rarely seen farther 
out than 100 miles at sea. There have been exceptions when an in¬ 
dividual bird has been seen up to 300 miles off the coast. A large 
number of observations off the coast of Ireland shows that the limit 
of flight off shore is fairly uniform ranging from 60 to 90 miles from 
the nearest breeding grounds in counties Cork and Kerry. They will 
always be seen in increasing numbers towards land. 

TROPIC BIRDS 

See plate 2 and pages 26,144 for further data. 

Tropic birds are most often seen flying alone and when seen with 
two or three others, they are usually close to land. During the sum¬ 
mer months around the Bermudas, White-tailed Tropic Birds are 
seen flying out early in the morning as far as 60 or 70 miles and re¬ 
turning shortly before sunset. When 3 or more are seen flying at 
these times of day, the direction of their flight should be noted as 
showing the direction of land. 

They are fine weather birds and are rarely seen when the weather 
is otherwise. 

Individual birds may be found many hundreds of miles at sea so 
should not be considered as being in the neighborhood of land. 

The above-mentioned habits of the White-tailed Tropic Bird in 
the Bermudas typifies the habits of the Red-tailed and the Red¬ 
billed Tropic Birds in the warm waters of other oceans. 

FRIGATE BIRDS 

See plate 3 and pages 28,144,145 for further data. 

This marauder of the skies is a very useful instrument to show 
the direction of land, for he is essentially a land-based bird; and 
although his diet consists almost entirely of fish, he rarely catches 
one and does not usually land on or take off from the water. His 
practice is to sit and wait for the returning boobies. 

He takes off and gets altitude and goes out to intercept the return¬ 
ing booby before it comes in for a landing. The Frigate Bird, being 
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faster on the wing, dives at the booby, forcing it to disgorge its belly 
load of fish, which it deftly catches in the air. Strangely enough, once 
on the nesting ground, these birds take no notice of one another, for 
there they are on equal terms. I have stood on one of the small equa¬ 
torial islands around sunset and ducked from what sounded like 
an airplane landing right over my head, but which was a booby try¬ 
ing to dive to the ground before the Frigate Bird caught up with it. 

A general and erroneous idea is that the Frigate Bird wanders far 
at sea. Walt Whitman probably helped this idea along; but as Mur¬ 
phy aptly states, when the poet wrote of the Frigate Bird: “At dusk 
that look’st on Senegal, at morn America,” the only flight involved 
was a poetic one. 

As the Frigate Bird largely depends for its food on robbing other 
sea birds, it clings close to shore and provides very reliable means 
of telling the nearness to land. The prolonged observations of one 
investigator records only one Frigate Bird as far as 300 miles from 
the nearest West Indian island and only one other as far as 220 
miles from land. Any large number of Frigate Birds almost cer¬ 
tainly means that land is within 100 miles. As they cannot spend the 
night at sea, the direction of their flight in the late afternoon or 
early evening will be towards land. Bear in mind that when you are 
out of sight of land and see these birds overhead, their greater alti¬ 
tude and keener vision very likely enable them to see land. As the 
Frigate Bird never spends the night at sea, its direction of flight at 
dusk is most important. 

CORMORANTS (or SHAGS) AND PELICANS 
See plate 3, pages 28,145 for further data. 

This bird was in olden times called the “Sea Crow” or “Sea 
Raven,” and was the shore-sighting bird carried by primitive Euro¬ 
pean navigators. 

Captain Cook, the famous English navigator, noted that cormo¬ 
rants were never seen more than 25 miles out from the shore. This 
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has been verified up to recent times, so that the sight of any of these 
birds will mean you are approximately within this limit from land. 

Should pelicans be seen it may be taken as an indication that you 
are not more than 2 5 miles from shore and probably much less. 

PENGUINS 

See plate 3, pages 28,145 for further data. 

When congregated in rookeries where they breed, penguins are 
very noisy and can be heard for a considerable distance. They are 
naturally plentiful in such places and in numbers will be found 
very close to shore. 

Penguins are extremely fast swimmers and travel under water for 
long distances. 

SKUAS AND JAEGERS 
See plate 3, pages 28,145,146 for further data. 

The skuas and the smaller members of the skua family, the 
jaegers, are sea birds of prey and migrate long distances. No infer¬ 
ence of nearby land can be drawn from the sighting of these ocean 
wanderers except when seen in considerable numbers during their 
summer breeding season in either hemisphere, when they will in¬ 
dicate your approach to the vicinity of their breeding grounds. 

SEA GULLS 

See plate 4, pages 50 , 146,147 for further data. 

All gulls may be classed as inshore birds with the exception of 
the Kittiwake, which is oceanic. The use of the term “gull” in the 
succeeding paragraphs applies to all gulls except this one. 

The nature of the gull’s food and its method of feeding deter¬ 
mine its geographical range and distribution. It is a beach feeder 
and thrives on the seaweeds, mollusks, star fishes and Crustacea 
found on the shores or banks principally at low tide. For this reason, 
gulls are seldom found at a greater distance from the shore than 50 
miles. 



There may be rare exceptions where the 100 fathom line extends 
more than 50 miles off the coast. This limitation of the gulls to close 
proximity to the land is not generally realized, and most people’s 
impression is that gulls follow ships far out in the open sea. 

Robert Cushman Murphy has raised the question as to the type 
of bird which landed on the raft and which was described by Rick- 
enbacker as a “gull.” As there are no gulls in that region, it is sug¬ 
gested that it was a Noddy Tern. 

Actually the flocks of gulls which are generally seen in the wake 
of ships off harbors leave the vessel before it gets very far to sea and 
return to their scavenging occupation on the shores. Sea gulls are 
always a sign of nearby land, but their line of flight does not always 
reveal the direction of land. 

As previously mentioned, the Kittiwake is the only one of the 
gull family which is a truly oceanic bird and may be seen anywhere 
across the northern oceans. It is probably due to seeing this bird far 
out at sea that the idea has become prevalent that all gulls are like¬ 
wise birds of the open seas. 

The Kittiwakes are probably the only truly oceanic birds which 
make any noise out at sea. 

Because of its different habits, it will be important to be able to 
distinguish it from other gulls. Reference to the illustration of the 
Kittiwake on Plate 4, bird 23, 23a, will show that this gull is readily 
distinguished from other gulls by its black wing tips. 

TERNS AND NODDIES 
See plate 4, pages 30,147,148 for further data. 

The terns are generally birds of warmer regions but a number of 
the species migrate in summer to temperate climates. They usually 
breed in large colonies. Terns are more swallowlike than any of the 
other sea birds and are not difficult to identify as a family. 

The White Tern, most beautiful of all sea birds, seldom ventures 
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farther than 40 miles to sea, so that the observation of any number 

of them will mean that you are within these limits. There are a 

\ 

number of other terns that are predominantly white that have the 
same general habits. 

The Arctic Tern which is similar to many other black-capped 
terns may sometimes be mistaken for the White Tern unless their 
differences are noted. This will be important, for the Arctic Tern 
may be seen far out at sea during its long migrations, and at these 
times provides no indication whatsoever of land. 

The Arctic Tern migrates from the region of the North Pole to 
the South Pole, a distance of about 11,000 miles and back, each year 
and thus spends more time in daylight than any other living creature. 

It is well to consider the dates of observations of sea birds, to de¬ 
termine whether it is likely to be their breeding season or not, and 
where they are proceeding; for example, whether they are just on a 
short daily excursion from their breeding grounds or on a long flight. 

The Noddy and the Sooty Terns and many others which are 
similar in appearance to these, do not provide the sure indication 
of nearness to land that the White Tern does. 

Sooty and Noddy Terns are found farther at sea than any other 
members of the tern family, but the Sooty Tern is the more venture¬ 
some of the two and ranges farther off shore. 

Terns are rarely seen on the water, but hover over schools of fish 
making quick swoops to the surface for their prey. During migra¬ 
tion and even at other times they rarely alight on the surface of the 
sea, but will rest on any driftwood or other floating matter. 

Most of the sea birds which have been reported as alighting on 
small craft or life rafts at sea have been terns. When in the vicinity 
of such birds, it will be advisable to remain as still as possible, and 
unless they are frightened away, a raft or life boat will be a tempt¬ 
ing resting place for these birds which dislike so much to alight on 
the water. 
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SKIMMERS 

See plate 4, pages jo, 14 7 for further data. 

The skimmer has a remarkable habit of flying close enough to 
the water to plow a furrow with its bill. It is commonly believed that 
it feeds in this manner, but Robert Cushman Murphy points out 
that during this maneuver the bill is usually closed. He considers 
that the purpose of the skimmer’s “plowing the main” with its 
bright red bill is to lure small fish to the surface, doubling back on 
its tracks to catch them. 

Skimmers are inshore birds and rarely, if ever, lose sight of land. 

PH ALAR OPES 

See plate 5 , pages 32, 150 for further data. 

These wading birds, called “Sea Snipes,” are occasionally seen far 
out at sea in the North Atlantic, but this is only in the autumn when 
they are migrating to a southern latitude or in the spring when they 
are bound northward. At other times of the year their habits are 
coastal and the observation of any number of these birds in mid¬ 
summer or mid-winter when not migrating would signify proximity 
to land. 

PUFFINS AND MURRES 
See plate 5 , pages 32,150,151 for further data. 

Puffins and murres are small birds never found far from shore and 
unless in very small numbers not farther than 150 miles from land. 
The majority of them will not usually be found farther out than 
about 70 miles. 

GUILLEMOTS AND AUKLETS 
See plate 5, pages 32,131,132 for further data. 

These small inshore birds, of which there are many species in 
various parts of the world, usually fly in flocks close to the water and 
are rarely found out of sight of land. 
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WHAT BIRDS ARE THEY? HOW FAR FROM LAND? 

Assume we are on a raft in the Atlantic, off the coast of Virginia, in 
the month of July. We are not sure of our position within two or 
three hundred miles. 

Four birds are sighted, and we take note of their outlines and 
characteristics of flight. We are not close enough to be sure of their 
color, but they appear to be white below and gray above. We turn 
to the Bird Identification Plates. From their outline they appear 
somewhat similar to numbers 6 and 19. 

From the descriptions with the bird plates we see that 6 is the 
Fulmar; 19 is the Herring Gull. Reading the description of the Ful¬ 
mar, we find that, although it is somewhat similar in color, it may 
be distinguished from the gull by its flight, which is more a gliding 
than a flapping of wings. The flight of the birds fitted that of 
the gull. 

It seems most likely that the birds were Herring Gulls, especially 
as the rear outline showed the upward curve of the wing close to the 
body, and the fanned-out tail extended beyond the body outline. 

As one more check, refer to the regional distribution of the Ful¬ 
mar and the Herring Gull. On page 142 we see that in the Atlantic 
in July, the Fulmar’s southern limit is 44 0 North latitude (Maine 
and Nova Scotia). We know we are not that far north. 

Turning to page 146 we find that the Herring Gull is found along 
the coast from Labrador to Cuba, and is common in this area. We 
decide that the birds were surely Herring Gulls. 

In the tabled summary, “Land Indications from Sea Birds” on 
page 36, it will be seen that, from the observation of 3 or more Her¬ 
ring Gulls, in any season, a reasonable assumption would be that we 
were within about 50 miles of shore. This alone would not be con¬ 
clusive, but, if in accordance with indications obtained by other 
methods in the book, would give assurance of nearby land. 
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DESCRIPTIONS OF BIRDS ON PLATE 1 


1. WANDERING ALBATROSS, la. Swimming. 
Adult albatross, principally white, with black and 
white markings on upper parts of wings and tail; 
sides of head usually have pink or orange patch; 
bill, pink or yellow. 

Young albatross, mostly brown and black on 
top of wings, white underneath. 

This, the largest of the albatrosses, has a maxi¬ 
mum wingspan of a little more than 11 feet. The 
Wandering Albatross is similar to Royal and 
other predominantly white southern albatrosses. 

2. SOOTY ALBATROSS. Adult, sooty gray or 
brown, darkest on wings and head, black bill and 
flesh-colored feet. Younger birds similar except 
for white markings on neck. 

It is representative of the dark southern alba¬ 
trosses. 

3. BLACK-FOOTED ALBATROSS. 3a. End- 
view. Adult, sooty brown, with white around 
reddish-brown bill. Feet black. 

Young similar but with lighter upper parts. 

From the descriptions of this albatross and 
ones depicted in figures i and 2, any of other ten 
species may be identified as belonging to alba¬ 
tross family. 


4. KERMADEC PETREL. 4a. End-view. Body 
brown above, with either white or dark under 
surface. Head sometimes white; white patches on 
under side of wing tips. Bill, black. Feet, black 
or yellow. 

The Kermadec Petrel is similar to the many 
other petrels and shearwaters that have white 
underparts. 

5. SHORT-TAILED SHEARWATER. Head, 
tail feathers and upper parts of body, sooty- 
black; under surface, sooty-brown; bill, blackish- I 
brown; feet purplish-black. General appearance 
similar to Sooty Shearwater and to other dark 
petrels and shearwaters. 

6. FULMAR. 6a. On water; 6b. End-view. Head, 
neck and under surface, white, with dark spot in 
front of eye. Bill, gray, green or yellow. Upper . 
part of tail, pearl gray. Main outer wing feathers 
slate gray. Feet, gray or flesh colored. 

Although somewhat similar in color, the Ful¬ 
mar should not be confused with the sea gull. It 
may be distinguished from the gull by its distinc¬ 
tive flight, which is more a gliding than a flap¬ 
ping of the wings. 
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DESCRIPTIONS OF BIRDS ON PLATE 2 


7 . NORTHERN GANNET. 7a. End-view. Body, 
mainly white; head and neck, yellow with patch 
of dark blue skin on throat; quill feathers black¬ 
ish-brown; bill, white; feet, black. 

Young, dark grayish-brown above with white 
spots, and white underneath. 

8 . AUSTRALIAN GANNET. Adult similar in 
appearance to Northern and Cape Gannets, but 
with outer tail feathers white and central tail 
feathers grayish brown. Head, yellow with slate 
blue patch of naked skin on throat. Bill slate- 
colored; feet, grayish black. 

Young, white spotted grayish brown above, 
and white underneath, with brown blotches on 
throat and sides. 

9. RED-FOOTED BOOBY (White phase). 9a. 
(Gray phase). Adult, generally white with vari¬ 
able yellowish tint on head, neck, back and tail. 
Outer wing feathers, dark brown with tapering 
band of brown along rear edge of wing. Tail, 
longest of any of boobies. Bill, in males, blue 
with red at base. Legs and feet, both sexes, red. 
Young, generally brownish. 

A variation of this bird, found in great num¬ 
bers among those with white plumage, is pre¬ 
dominantly gray with dark brown wing tips and 
white tail. This gray phase is shown in g-a. 

This same bird may also be seen with brown 
coloring and white tail. It can be distinguished 
from the Masked or Blue-faced Booby by its 
smaller size and bright red feet. 

10 . MASKED BOOBY. Adult plumage, white, 
except for dark brown wing tips, tail and rear 
half of wing. Skin of face, black; bill, horn color 
with bright orange at base in males and pink or 
light red in females; legs and feet, olive drab in 
males, and lead color in females. Young birds 
have head, neck and upper parts smoky brown, 
somewhat mixed with white feathers. 

Being larger than any of the other boobies, it 
may be distinguished from the Red-footed Booby, 
and although the feet may vary in color, they are 


never red. It may also be recognized by its black 
tail. Known also as Blue-faced Booby. 

11. BROWN BOOBY. Head, neck and chest, 
chocolate brown; under parts of body and wing, 
white with paler brown under wing towards tip; 
top of wing pale brown; base of bill yellow, and 
bluish white towards tip; legs and feet yellow. 

Young birds, grayish brown above, slightly 
lighter on belly and darker on breast. General 
effect, brownish gray instead of white. Bills, 
darker than those of adults. 

12. RED-TAILED TROPIC BIRD. 12a. Turn¬ 
ing in flight. Adult, silky white, sometimes with 
rosy tinge on back; distinct black crescent before 
and over eye; black bar on wings; wings and tail 
streaked with black; two long, slender, deep red 
feathers extending from tail, a length of about 
18 inches or more; bill yellow or red. 

12 -a shows Red-tailed Tropic Bird in flight 
using its tail feathers and foot in a characteristic 
turn. 

Young similar but with very short tail feathers. 

The White-tailed Tropic Bird is mainly white, 
with rosy tinge; black crescent in front and over 
eyes; black feathers on wings; a long tail up to 21 
inches in length; yellow, black or red bill; yellow 
legs and toes; and black feet. 

Young, smaller and without long tail feathers. 

The Red-billed Tropic Bird is white, with black 
band through eyes; black bars on upper parts 
and on wings. Tail feathers are white and up to 
about 20 inches in length; bill red or orange; legs 
and toes, yellowish or grayish-white; feet, black. 

The young are smaller, but with more black on 
head and tail and with short tail feathers. 

The Red-tailed Tropic Bird is illustrated as 
representative of the three species which are 
found around the warm waters in all oceans. The 
White-tailed Tropic Bird and the Red-billed 
Tropic Bird are very similar in appearance to the 
Red-tailed species, the main distinction being 
that the White-tailed is smaller, and the Red¬ 
billed has a wavy barred back. 
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DESCRIPTIONS OF BIRDS ON PLATE 3 


13. FRIGATE BIRD (white breasted). 13a. Frig¬ 
ate Bird (dark); 13 b. End-view. Adult,black,with 
very long wings, long forked tail, and short legs. 
Some adult Frigate Birds have white areas under¬ 
neath. Bill, long and slender with sharp hook at 
end. 

The young have white heads. 

Frigate Birds are most easily recognized of all 
sea birds, but in normal flight the tail is not 
spread and its forked nature is not always appar¬ 
ent. When the birds are maneuvering in the air 
they frequently open and close the tail with a 
scissor-like effect. 

14. CORMORANT. 14a. Swimming. Plumage, 
glossy green, or bluish black; face and under part 
of bill white; bill and naked skin of face yellow; 
feet, black. 

The Common Cormorant has black plumage 
in Europe, Asia and Australia, but some species in 
tropical and southern Africa have white breasts. 

Young, brownish-black with usually lighter 
color and sometimes white underneath. 

The numerous members of the cormorant fam¬ 
ily vary somewhat in color but are otherwise sim¬ 
ilar in appearance. 

15. JACKASS PENGUIN. 15a. Swimming. Blu¬ 
ish gray or black above and white below. Narrow 
band of black, in shape of horseshoe across breast 
and sides; white spot on tail; bill long and thick, 
feet black. 

Young have upper parts black with white un¬ 
derneath. 


The Jackass Penguin, named for noisy braying 
sound it makes whether ashore or afloat, is found 
along the coasts of South Africa as far north as 
16 0 South of Equator. There are sixteen other 
species of penguins all similar in general appear¬ 
ance to Jackass Penguin, but differing in size, the 
arrangement of black and white on face and 
throat, and color of bill and feet. 

16. BROWN PELICAN. Back of head, white; 
front and top of head, yellow; neck and back, 
brown; underparts, grayish brown; wings, black- 
brown with gray; skin around eye, blue; bill, 
grayish; feet, black. 

Other species of pelicans are similar in outline 
and general appearance. 

17. GREAT SKUA. Plumage, dark grayish 
brown; conspicuous white patches underneath 
wings; heavy build. Short, square tail, stout 
curved upper bill. 

Young are similar but with slightly different 
markings. 

18. PARASITIC JAEGER. Top of head, grayish- 
brown; rest of head, white; tail and upper parts 
of wings, grayish brown; neck and underparts, 
white. At times the Parasitic Jaeger is completely 
sooty brown except for neck which is tinged with 
yellow. Tail, long and wedge-shaped with long 
projecting central tail feathers. 

The Parasitic Jaeger is similar to the Long¬ 
tailed and Pomarine Jaegers. 





DESCRIPTIONS OF BIRDS ON PLATE 4 


19. HERRING GULL. 19a. Swimming: 19b. 
End'inew. Large sea gulls with white head and 
neck in summer; in winter, speckled with gray; 
white underneath; tail white; black feathers to¬ 
wards outer wing tips; bill yellow, feet flesh 
color. 

Young have grayish brown heads, streaked 
with white and light brown; grayer underneath; 
tail, brownish black; spotted with white. Young, 
distinguished by their very dark plumage. 

The Herring Gull is similar to the California 
Gull, the Yellow-legged Gull, and Glaucous¬ 
winged Gull, which are thus identified. 

20. SOUTHERN BLACK-BACKED GULL. 
Adult, back and above wings, black; head, neck 
and underparts white, except wing tips which are 
black. Bill, yellow; feet, yellow. 

Young, brown, speckled with white; tail black¬ 
ish; bill, black; feet, brown. Only Black-backed 
Gull in Southern Hemisphere with pure white 
tail. 

This gull is similar in appearance and habits 
to the Great Black-backed Gull, the Lesser Black- 
backed Gull and others. 

21. LAUGHING GULL. Head, black; lower part 
of neck, white; tail, white; white underneath; 
back and upper part of wing, dark gray. Top of 
wing tips, black in winter; head, white mottled 
with brownish gray on top and sides; eyes more 
or less surrounded by dark crescent. Bill, red in 
summer, blackish in winter; feet, brown. It is 
similar to many other dark-headed gulls. 

22. SILVER GULL. Head, dark; tail and under¬ 
parts, white; wing tips, black with prominent 
white patch towards end of the tip. Top of wing 
and back, gray; bill and feet, red. 

Young are very similar but upper part of wing 
and back, speckled with brown. Tail has a nar¬ 
row brown band; bill, brown, feet, gray. 

This gull is similar to several other small gtdls. 

23. 23a. COMMON KITIIWAKE. Head and 
neck, white in summer; winter, top and sides of 
head and back of neck, dark gray, which is also 
the color of the upper surface of wings and back. 
Both upper and lower parts of wing tips, black. 
Tail white; bill, greenish-yellow; feet, blackish. 

Young have white heads, some gray on top and 


lower part, with dark gray bands on back of neck. 
Underparts of body and wings, white; tail, white I 
with black band. Top of wings and back, gray. 
Wing tips, black: bill, black; feet, brown. 

24. SKIMMER. Top of head and neck, black; 
forehead and underparts, white: tail, mostly 
white; bill, bright vermilion red with black tip; 
legs and feet, orange-vermilion. 

Young, similar, but with upper parts, light 
brown streaked with grayish-white with black 
spots; under parts white; and bill, legs, and feet, 1 
dull red. 

The skimmer has a unique bill, the lower part 
being much longer than the upper and both flat¬ 
tened except at the base. Other skimmers similar 
in appearance differ somewhat in color. 

25. WHITE TERN. Head, body, wings and tail, 
white with black ring around eyes, and long 
forked tail. Bill, black; feet, black or light blue. 
Young are similar, but with a black spot behind 
the eye and black streaks in wing and tail. 

The Marquesan White Tern, found with the 
other White Tern in the Marquesas Islands has 
similar appearance and habits. 

26. ARCTIC TERN. 26a. Sitting. Top of head, 
black; throat, breast and utiderparts, pale neu¬ 
tral gray; tail, very long and dark gray; bill, rich 
red; feet, coral red. 

Young similar but with black-tipped yellow 
bill. 

27. NODDY. Adult, dark brown above: upper 
main feathers of wing and tail, black; lower part 
of body, dark brown, with lighter brown under 
the wings. Head, gray, considerably lighter on 
forehead, with black band in front of eyes. Bill, 
black. Feet, brownish-black. 

Young, similar but lighter and browner, lop 
of head, grayish brown, white line above eyes. 

28. SOOTY TERN. Adult, upper part of bod', 
wings and tail, dull black. Forehead and side of 
head, lower part of neck and underparts of wing* 
and body, pure white. Wings, grayish underneath ; 
wing tips. Bill, black; legs and feet, blackish. 

Young, upper parts, deep sooty brown, "db . 
upper tail surface tipped with brownish "'bite- 
Bill, brownish black or dark brown. 









DESCRIPTIONS OF BIRDS ON PLATE 5 


29. COMMON DIVING PETREL. 29a. Swim¬ 
ming. Upper surface, black; wings, glossy black, 
tinged brown; under wing, tinged gray; sides, 
mouse gray; under neck and breast, dark gray. 
Bill, black; legs and feet, bluish. 

30. 30a. WILSON’S STORM PETREL. Gener¬ 
ally blackish brown, paler on throat, belly and 
under wings; darkest on wings and tail; square 
tail conspicuously white above; legs, long and 
black; feet, yellow. 

31. GREATER SHEARWATER. Head above 
line from bill, dark sooty brown; rest of body, 
sooty brown; neck, white; underpart, white, with 
brown patch on belly; under wings, white with 
brown streaks; bill, dark; feet, flesh color. 

32. MANX SHEARWATER. Body, including 
head, wings and tail, sooty black; cheeks and be¬ 
hind ears, sides of neck and breast, speckled gray 
or sooty brown; under wings and body, white; 
dark under tail; bill, black; feet, flesh color. 

33. SOOTY STORM PETREL. Body, sooty; 
wings, blackish brown; tail, forked, upper sur¬ 
face, grayish, with white shafts; bill and feet, 
black. 

34. RED PHALAROPE. In winter: head, neck 
and underparts, white; back of head and around 
eyes, slate; upper parts, light bluish gray, darker 
on wings and tail. In summer: female, tip of 
head and below bill, dark gray. In male, top 
of head and back of neck, streaked black and 
buff; cheeks, white; neck and underparts, reddish 
brown; back, buff striped with black; under 
wings, white; bill, yellow; feet, yellowish. Short 
bill and white-barred wing always identifies. 

35. NORTHERN PHALAROPE. In winter: 
forehead, sides of head, neck, underparts, white; 
sides of chest, mixed pale gray; top of head, gray¬ 
ish with blackish spot in front of eye; upper 
parts, gray. In summer: upper part, slate; back, 
striped with light brown, white bar on wing; un¬ 
derparts, white; bill, black; feet, bluish gray. 

36. TUFTED PUFFIN. 36a. Swimming (winter 
plumage). Upper parts, sooty black, with yellow 
on side of head; under wings, brownish gray; 
under body, grayish brown. Forehead and around 
eyes, white; bill, very large, salmon red tip, olive 


green base; skin on side of bill, vermilion; feet, 
salmon red. 

37. HORNED PUFFIN. 37a. Swimming (winter 
plumage). Crown, grayish brown; neck and up¬ 
per parts, black; sides of face, white in summer, 
gray in winter. Underparts, white but brownish 
gray towards wing tips. Bill, large and brownish 
red; feet, vermilion. Similar to Atlantic Puffin, it 
breeds and ranges in about same areas as Tufted 
Puffin. The Atlantic Puffin differs in its large tri¬ 
angular bright beak,grayish blue base, vermilion 
tip, crossed with yellow. 

38. 38a. COMMON MUR RE. 38b. Swimming 
{winter plumage). Head, neck, upper parts, sooty 
brown; breast, underparts, white; bill, long,black 
and pointed; feet, bluish. Brunnich’s Murre has 
a stouter bill. 

39. PIGEON GUILLEMOT. 39a. Swimming 
{winter plumage). In summer, sooty black, with 
white under wings barred with black. In winter, 
wings often all black. Bill, black; feet, vermilion. 

40. CRESTED AUKLET. Upper parts, slate 
black, black crest on grayish forehead, long white 
feathers behind eye and across face. Underparts, 
brownish gray; bill, short, orange red, whitish 
tip; feet, pale violet gray. Young, no crest or 
feathers on face. 

41. PAROQUET AUKLET. Slate above; white 
plumes behind eyes and across face in summer; 
throat, front of neck, sides didl gray in summer, 
white in winter; grayish browq under wings; 
white under body; bill, short and orange red, 
lower part curved upwards; feet, bluish gray. 

42. LEAST AUKLET. Slate black above; shoul¬ 
ders partly white; in summer, white-pointed 
feathers on forehead, behind eyes and across face. 
In winter, white and gray; cheeks and under bill, 
dark slate; mostly white under body; bill, small, 
dark, with reddish tip; feet, brown. 

43. CAPE PIGEON. Black and white petrel with 
checkered back. General body color black; head, 
top of wings and feet, sides of face and neck, 
black, except for speckled throat; rest of back and 
upper tail surfaces, white. Feathers have black 
spots at end, giving speckled appearance. 






LAND INDICATIONS FROM SEA BIRDS 


Bird 

Plate 

No. 

Name of Bird 

Local¬ 
ities and 
Dates 
Page No. 

Time of Year 

Number Seen 
at One Time 

Reasonable Assumption 

1 

Wandering Albatross, 
Sooty, and other 
Southern Alba¬ 
trosses 

141 

Any month 

Any number 

May be far from land 

1 

Black-footed and 
Laysan Albatross 

141,142 

April-October 

N ovember-March 

Any number 

12 or more 

May be far from land 

Within too miles of breed¬ 
ing place 

1 

Kermadec Petrel 

142 

Any month 

6 or less 
Increasing 
numbers 

May be far from land 

Show proximity to land. 
Direction of flight at 
dawn and dusk shows 
direction of land 

I 

Short-tailed Shear¬ 
water 

142 

November-March 

April-October 

6 or more 

Any number 

Within 100 miles of breed¬ 
ing places. Direction of 
flight at dawn and dusk 
gives direction of land, 
and increasing numbers 
show proximity to land 
May be far from land 

1 

Fulmar 

142,143 

During Northern 
Summer 

During Northern 
Winter—all 
across Atlantic 
All year 

6 or less 

Any number 

Increasing 

numbers 

May be far from land 

May be far from land 

Show proximity to land 

5 

Cape Pigeon 

150 

Any month 

Any number 
Increasing 
numbers 

May be far from land 

Show proximity to land 

2 

Northern Gannet 
Australian Gannet . 
Cape Gannet 

143 

Any month 

Exceptional 
cases of 
single birds 

3 or more 

Up to 300 miles 

Up to 100 miles 

2 

Red-footed Booby 

»43 

Any month 

3 or more 

6 or more 

12 or more 

Within 75 miles 

Within 50 miles 

Within 25 miles 

2 

Masked (Blue-faced) 
Booby 

»43 

Any month 

3 or more 

6 or more 

12 or more 

Within 75 miles 

Within 50 miles 

Within 25 miles 


[35] 






















































LAND INDICATIONS FROM SEA BIRDS 


Bird 

Plate 

No. 

Name of Bird 

Local¬ 
ities and 
Dates 
Page No. 

Time of Year 

Number Seen 
at One Time 

Reasonable Assumption 

2 

Brown Booby 

144 

Any month 

1 bird (only 1 
case recorded 
— Caribbean 
Sea) 

3 or more 

6 or more 

120 miles 

75 miles 

Usually within 30 miles 

2 

Tropic Birds 

Red-tailed 1 

Red-billed 

White-tailed 

144 

Any month 

1 or 2 

3 or more 

May be far from land 

60-80 miles 

3 

Frigate Bird 

. 

144. 145 

Any month 

3 or more 

6 or more 

100 miles 

Within 75 miles. The di¬ 
rection of flight of even 
1 bird at dusk generally 
points to land, as they 
never sleep on the water 

3 

Cormorants 

145 

Any month 

Any number 

25 mile limit 

3 

Penguins 

145 

Any month 

Any number 

Increasing 

numbers 

May be far from land 
throughout the year- 
except when breeding 
Show approach to breed¬ 
ing places 

3 

Brown, or Other 
Pelicans 

145 

Any month 

More than one 

Increasing 

numbers 

25 -mile limit; usually 
much less 

Show approach to land 

3 

Great Skua 

145,146 

Winter months 
either hemi¬ 
sphere 

Summer months 
either hemi¬ 
sphere 

Increasing 

numbers 

Any number 

Show proximity to land 

May be far from land 

3 

Jaegers 

146 

July-October 
Augus t-Sep tem- 
ber 

---- 

Any number 
Any number 

Far out 

Close to land (north of 
Arctic Circle) 

4 

Herring Gull and all 
other Gulls except 
the Kittiwake 

146,147 

Any month 

3 or more 

Increasing 

numbers 

50 miles (or within the 100 - 
fathom line off coasts) 
Show approach to land 
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LAND INDICATIONS FROM SEA BIRDS 


Bird, 

Plate 

No. 

Name of Bird 

Local¬ 
ities and 
Dates 
Page No. 

Time of Year 

Number Seen 
at One Time 

Reasonable Assumption 

4 

Kittiwake 

147 

April-July 

August-March 

6 or more 

Any number 

Close to shore. Within 50 
miles 

May be far at sea 

4 

Black Skimmer 

147 

Any month 

1 or more 

Within 25 miles 

4 

White Tern 

147,148 

Any month 

1 or more 

Within 40 miles 

4 

Arctic Tern 

148 

May-July 

December- 

February 

Remainder of year 

6 or more 

6 or more 

Any number 

(Arctic)—close to shore 
within 100 miles 
(Antarctic)—close to shore 
within 100 miles 

May be far at sea 

4 

Noddy, Sooty and 
other Terns, ex¬ 
cept White Terns 

148 

Any month 

Any number 

May be far at sea 

5 

Diving Petrels 

148,149 

J uly-N ovembcr 
Remainder of year 

6 or more 

Any number 

Within 75 miles 

May be far at sea 

5 

Storm Petrels in 
Southern Hemi¬ 
sphere 

149 

December- 

February 

Remainder of year 

6 or more 

Any number 

Within 75 miles 

May be far at sea 


Storm Petrels in 
Northern Hemi¬ 
sphere 


June-July 

Remainder of year 

6 or more 

Any number 

Within 75 miles 

May be far at sea 

5 

Greater Shearwater 

i 49 

Beginning of Oc¬ 
tober to middle 
of May 

6 or more 

100 miles 




Remainder of year 

Any numbers 
Greater num¬ 
bers 

Smaller num¬ 
bers 

May be far at sea 

Inshore 

Far out 

5 

Manx Shearwater 

i 49 » 15 ° 

March to June 

July to February 

3 or more 

12 or more 

Increasing 

numbers 

Within 200 miles 

Within 100 miles. Direc¬ 
tion of flight at dawn 
and dusk gives direction 
of land 

Show proximity to land 
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LAND INDICATIONS FROM SEA BIRDS 


Bird 

No. 

Plate 

Name of Bird 

Local¬ 
ities and 
Dates 
Page No. 

Time of Year 

Number Seen 
a t One Time 

Reasonable Assumption 

5 

Other Shearwaters, 
Southern Hemi¬ 
sphere, except 
Short-tailed 
Shearwater 

150 

December to 
February 

Remainder of year 

3 or more 
is or more 

Any number 

Within 200 miles 

Within 100 miles. Direc¬ 
tion of flight at dawn 
and dusk gives direction 
of land 

May be far from land 

5 

Sooty Storm Petrel 

150 

January 

Remainder of year 

6 or more 

3 or less 

100 miles 

May be more than *00 
miles off shore 

5 

Red Phalarope or 
Northern Phala¬ 
rope 

150 

June-July 

August- 

November 

February-May 

December- 

January 

3 or more 

Any number 

Any number 

3 or more 

75 miles 

May be far from land 
(migrating) 

May be far from land 
(migrating) 

75 miles 

5 

Tufted Puffin 
Homed Puffin 
Common Murre 

► 

150,151 

Any month 

3 or more 

6 or more 

Within 150 miles. Direc¬ 
tion of flight at dawn 
and dusk shows direc¬ 
tion of land 

70 miles. Direction of 
flight at dawn and dusk 
shows direction of land 

5 

Brunnich’s Murre 
(similar to Com¬ 
mon Murre) 

■ 

May and June 

Any month 

Any number 

Inceasing 

numbers 

Limit of 220 miles, and 
then off Grand Banks 
Show proximity to land 

5 

Guillemots ] 

Auklets J 

1 

15 1 *152 

Any month 

1 or more 

6 or more 

50 miles 

25 miles 












































FISH AND OTHER SURFACE LIFE 


Surface life is an indication of the character of the sea water and 
may thus help you recognize some well known current or area of 
the ocean such as the Gulf Stream, Humboldt Current, Equatorial 
or Counter-Equatorial Current; for in passing from one region to 
another there are very noticeable and characteristic changes in the 
marine and bird life. 

In the open ocean far from shore one does not find the rich life 
frequently thought typical of these deep waters. The marine forms 
encountered are apt to be limited to whales, porpoises and the few 
particular types of ocean-ranging fish described below. 

Rather than attempt to describe the countless different forms 
of coastal fish, we list below only those fish found far at sea, and 
which are few in number. These deep sea fish are given so that they 
may be eliminated as indications of nearness to land. Any other 
forms are likely to be coastal varieties. 

Deep sea fish may at times be seen close to the shore, but the 
coastal fish, especially in any numbers, will not be found far at sea. 

BLUE SHARK 

This slender frequenter of the warm seas is the only shark usually 
found far out from land. Most other sharks stay close to shore. The 
Blue Shark, found in tropical waters throughout the world, is of a 
deep to bright blue color. The average adult is about 12 feet in 
length but some reach as much as 20 feet. 

Most sharks are accompa¬ 
nied by pilot fish swimming 
freely alongside of them 
wherever they go. The pilot 
fish which accompany the 
Blue Shark, however, differ from the pilot fish found with the 
coastal sharks. The Blue Shark’s pilots are as round as cigars and 
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have black cross bands, while the coastal sharks’ pilot fish are flat. 
The Blue Shark is excellent eating and not difficult to catch, pro¬ 
vided you have heavy enough tackle. 

Some sharks have a great deal of ammonia in the flesh and are 
inedible unless the ammonia is removed by washing or drying out. 
If the flesh is sliced into small pieces, towed astern for a few hours 
and then dried out, it should be edible. 

A simple method of catching sharks still used by Samoans is to 
hold some bait in the water near the bow of the canoe while a large 
noose is held over the side amidships. The shark, attracted by the 
bait, comes alongside and swims through the noose towards the bait. 
A sudden tightening of the noose around its middle is followed by a 
quick heave on the line by several natives. In this manner the shark 
is hauled bodily into the canoe and is quickly clubbed to avoid up¬ 
setting the craft. 

Trailing the foot as shark bait is not recommended, but, with 
other bait lacking, it has proved successful. It will be realized, of 
course, that there are limitations to what can be tried in a rubber 
boat or life raft. Handling a fish that may be up to 12 feet in length 
requires common sense as well as a stout line. 

If you can catch the shark, you can catch the pilot fish. You may 
also find Remora fishes which attach themselves by a sucking disc 
on the top of their heads to the under surface of the shark’s throat. 
Remoras reach a length of 1 to 2 feet. 

If luck comes your way and you catch a Remora you can put it to 
good use by keeping it alive. Taking care to keep your hands away 
from its razor-like gills, tie a line securely onto its tail. Now turn 
die Remora loose and give him as much line as you can spare. He 
will fish for you and attach himself to any shark or turtle or large 
fish that comes in his range. After he is stuck on, haul them both in. 
Repeat this until you or the Remora gets tired. This is not a “fish 
story” but is common practice among native fishermen in the tropics. 
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BLUE WATER PORPOISE 


There is only one really deep sea porpoise and it is found in 
the warm waters of all oceans. It is somewhat smaller than most of 

the coastal types and has an irregu¬ 
larly shaded grayish body averag¬ 
ing about five or six feet in length. 
Usually seen in large schools, it 
can be readily identified by its 
habit of jumping clear out of the water. All other kinds of porpoises 
are usually coastal. The porpoise is edible but difficult to catch ex¬ 
cept by harpooning. The shoulders provide the best steaks. 



SUN FISH ' 

This large fish, which sometimes 
reaches a size of 10 feet and a weight 
of 2,000 pounds, is found in most of 
the temperate and tropical seas of the 
world, and can be frequently seen in 
calm weather far from land lying flat 
on its side and gently moving its fins. 
Although mostly found near the coasts, 
it may often drift far out at sea and 
should not necessarily be taken as a sign 
of land close by. The flesh of the Sun Fish is said to be poisonous; 
however, the Japanese consider the liver a delicacy. 



OCEAN BON1TO 

This is the only bonito found far from shore. Other species of 
bonito are sometimes found 25 miles off the coast, but rarely, if ever, 
beyond 50 miles. Striped lengthwise on its under surface as distin¬ 
guished from coastal bonito, this fish is aptly called the Watermelon. 

[4i] 



It is one of the fish most frequently seen in the warm waters of 
all oceans where it operates in small schools preying on flying fish. 
It reaches a length of about 2 feet and a weight of about 20 pounds. 

Bougainville, in 1768, put to good use his knowledge of the gen¬ 
eral localities in which certain 
types of fish are found. His crew 
had caught a bonito, in the 
stomach of which was a small 
fish of a species found very close 
to the shore. Bougainville’s in¬ 
ference from this that there was land nearby was borne out the 
next day by the discovery of four islands. 



DOLPHINS 

• 

These fish, found in all the warm blue oceans, travel in schools 
and are the greatest enemy of the flying fish. Having somewhat flat¬ 
tened sides, their bodies are elongated, tapering gradually from 
shoulder to tail. They reach a length of 6 feet but a fair average 
would be 3 or 4 feet. Dolphins are oceanic fish and in no wise 
indicate nearness to land. 

The Dolphin is probably the fastest swimming fish in the ocean. 
In vivid blues and yellows it is one of the most brilliantly colored 
of all fish. It can be caught from 
any moving craft on a hook set 
in a piece of wood with a white 
rag attached. If the lure is 
barely allowed to touch the 
water and jerked into the air and made to imitate the action of a 
flying fish, the Dolphin will usually strike. Around any logs, cases, 
barrels and other drift found in the open ocean, young Dolphins 
4 to 12 inches long will usually be found. They can be caught with 
a baited hook. 






FLYING FISH 


4 

Although very welcome as food, Flying Fish are of no value as a 
sign of land for there are about 20 to 30 
species, some of which are coastal and some 
only met with on the high seas. They are 
quite easily caught at night by holding a 
light, mirror, or any available glittering object in front of a shirt, 
sail or other obstruction. 

SARGASSUM FISH 

Known also as the Gulf Weed Fish, the Sargassum Fish is prac¬ 
tically the only fish seen in the vast, deep, blue and deserted waters 

of the Sargasso Sea. It is a small fish, about 6 
inches in length and is hard to distinguish from 
its surroundings, for in shape and color it has the 
appearance of a piece of the sargassum weed in 
which it hides. While the Sargassum Fish itself 
is not edible, considerable quantities of small crabs and shrimps 
will be found attached to the weed. By lifting pieces of weed up 
and shaking them, any amount of sustaining food may be procured. 

OCEAN PIPE FISH 

Many of the pipe fishes are found among coastal sea weed, but 
the Ocean Pipe Fish ranges from the Mediterranean to well within 
the eastern limits of the Sargasso Sea; 
where, in about latitude 35 0 North and 
longitude 42 0 West, it is found together 
with the Sargassum Fish. It averages about 9 or 10 inches in length 
and is very slender with an elongated tubular snout. Like the Sar¬ 
gassum Fish, the Pipe Fish has practically no value as food. 
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SKIPPER 


Young fish of this species, just a few inches long, are plentiful in 
the Atlantic Ocean between about 12 0 and 40° North latitude. The 
older fish reaching from 14 to 30 inches 
in length are flat, silvery fish, and usually 
swim in large schools. These fish can be caught and are edible. 



LANTERN FISH 

Living at great depths in the ocean are a number of species of 
small, silvery fish among which are the Lantern Fish. They have 
long slender bodies, are very fragile and are usually under 6 inches 
in length. 

They have large eyes to make up for the lack of light in the deep 

waters, and have luminous spots on the under¬ 
side of the body. Lantern Fish stay far down in 
the daytime but in the cool of the evening in 
calm weather they frequently follow the twilight to the surface. 
Though small, Lantern Fish provide a possible source of food when 
at the surface at night in calm weather far from land. 



BLACK RUDDER FISH 

All along the North Atlantic coast from Cape Hatteras north¬ 
wards and occasionally off the coast of Great Britain, around 
any floating wood. Gulf Weed or other drift, the 
Black Rudder Fish congregate. They are often 
found in company of jelly fishes. The Black Rud¬ 
der Fish reaches a length of approximately 13 
inches and a little over a pound in weight. Eating this fish is not 
recommended. 



TRIGGER FISH (Leather Jackets) 

There are many coastal species of Trigger Fish but some species 
are found far out at sea. They will often congregate around any 
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drifting craft and have a peculiar habit of rolling over on their sides 
and appearing to stare at you. They are quite easily caught with 

hook and line and are good to eat. 

In the Atlantic they are rarely found north of 
the Gulf Stream. 

SEA SNAKES 



One species of Sea Snake is common in the waters around Pan¬ 
ama, but most members of the family are found along the coasts of 
the Indian Ocean, the East Indies, the Philippines, and the waters 
of the Western Pacific and Northern Australia. 

They differ in appearance from land snakes in that the tail is 
vertically flattened and paddle-shaped. They vary from 3 to 8 or 9 
feet in length. 

Sea Snakes are all poisonous and some of them are among the 
most venomous of all snakes. Actually not many people are bitten 
by them as Sea Snakes usually go away if disturbed except during 
the breeding season on land when they are aggressive. 

These snakes very seldom occur far from shore and are normally 
found within the 100 fathom line of the coasts and especially off the 
mouths of rivers. They feed on small fish or eels found along the 
bottom, and it appears that the depth to which they can go is limited 
to about 500 feet. As the 100 fathom line does not ordinarily extend 
far off tropical coasts “seeing snakes” will be a welcome sign to land¬ 
seeking craft. 

COMMON FLOATING FORMS 

Found upon the waters of the open ocean are the beautiful blue 
Velellas. Commonly known as “by-the-wind-sailers,” they may be 
seen in considerable numbers sailing even well into the 
wind, and very frequently hundreds of miles from shore. 

They are disc shaped forms of jellyfish about one to three inches 
in diameter. 
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The Portuguese Man-of-War is also of the jellyfish family. It 
appears as a crested, delicately pink and blue bladder-like form 
four to eight inches long floating on the surface and 
trailing long jelly-like threads. A very painful sting will 
result from handling them. They may be seen in con¬ 
siderable numbers a long way out to sea. 

SEAWEED 

A well known indication of land is seaweed, for it is usually a 
shallow water vegetation. On being detached it may be carried for 
some distance off shore by wind, currents, or tides. Thus, consider¬ 
ation should be given to the direction in which this plant life may 
have drifted away from its origin. It will be recalled that Columbus 
observed seaweed and other floating debris as he approached the 
West Indies. 

In one particular region of the North Atlantic, the appearance 
of seaweed does not necessarily indicate nearness to land. This is 
the Sargasso Sea, an area of relatively stationary water 1,000 miles 
in diameter extending from 20° to 40° North and from 40° to 70° 
West. Here, encircled by the Gulf Stream on the west and north, 
and the Northeast Trade Drift on the east and south, are enormous 
beds of densely growing sargassum, similar to, but apparently quite 
unassociated with the coastal type of such seaweed. 

The attention early seafarers paid to signs of nearby land is illus¬ 
trated in the journal entry of Abel Janszoon Tasman, the famous 
Dutch navigator, in 1642: 

“Towards evening, we again saw various lots of rockweed floating about, and 
observed large numbers of tunnies [bonito] near and round about the ship; our 
boatswain’s mate and one of the sailors also saw a seal from which we surmised 
that there may be islands hereabouts, since the said animals are not likely to go 
out far to sea; on this account we did not venture to run full sail.” 
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In the Temperate and cool latitudes, any seals and sea lions ob¬ 
served, may, as Tasman remarked, be relied on as being very close 
to shore. 


☆ ☆ ☆ 

THE SCENT OF LAND 

The accounts of early voyagers all contain frequent references to 
the odor of land still beyond the horizon. One of them speaks of the 
odor of rosemary off the coast of Spain more than ten leagues out 
at sea. And one who accompanied Sir Francis Drake in the Pacific 
in 1577 writes: 

“From hence wee directed our course towards the South-Southwest... at which 
time wee had a very sweet smell from the land ... and wee had sight of the land 
about 3 of the clocke in the afternoone the same day.” 

Various parts of the world have their own particular odors. The 
smell of burning peat may be picked up many miles out at sea from 
the Falkland Islands as can the scent of the orange groves approach¬ 
ing the Cape Verde Islands, while the sweetish rancid odor of the 
drying coconut may be detected far out at sea in tropical regions. 
The penetrating odor of ammonia may betray the sea-bird roosts 
on small islands. The smell of bush or forest fires, factories, oil 
refineries, or other odorous industries, all indicate land not far off, 
as do the characteristic odors of beach or tidal lands, or the sweet 
smell of earth, especially after heavy rain. 

I have personally experienced the fragrance of new-mown hay 
80 miles off the New Zealand coast in the springtime. 

The detection of any land odor, especially in fog, mist, rain, or 
at night when odors are usually stronger and are carried out to sea 
by the land breezes, is very important, for you may be drifting past 
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a nearby shore. The Polynesians on their long voyages frequently 
carried pigs with them and watched them closely, since having a 
highly developed sense of smell, they became excited on smelling 
land still far out of sight. 

Odors are carried by the wind and therefore any new odor de¬ 
tected at sea should be considered a possible indication not only 
of the vicinity of land but of its direction. 

☆ ☆ ☆ 

SOUNDS FROM LAND 

Nature provided you with ears that you might hear. The fact that 
you have two ears not only enables you to hear but to tell the direc¬ 
tion from whence the sound is coming. Sound often carries very 
great distances over water and, when other aids are lacking, may be 
very valuable in locating land. The distances at which sounds can 
be heard over water are, of course, affected by the strength and 
direction of the wind. 

The roar of heavy surf may be heard long before the shore is seen. 
At night, the continued cries of sea-birds from one particular direc¬ 
tion will signify their roosting place on land. 

Among sea-birds, as distinguished from migrating land birds, 
the gulls are practically the only ones that make any noise when 
in flight. As the Kittiwake is the only gull that is found far out at 
sea and is restricted to the North Atlantic and the high latitudes of 
the northern Pacific, one may be safe in assuming that outside of 
these regions the sound of birds at night generally indicates land, or 
the direction of land. 

It is possible that during fog or nighttime you may be close to a 
populated shore where the sound of trains, marine fog signals, fac¬ 
tory whistles or other signs of industrial activity can be heard. If 
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in fog and you hear a ship’s whistle or siren, you may assume the 
vessel is moving; but if bells are heard at regular intervals the sound 
is either coming from a ship at anchor or from a bell buoy or other 
stationary marker. When close to high rock-bound coasts, espe¬ 
cially in fog or during the night, one may judge the distance off¬ 
shore by firing a pistol or shouting and listening for an echo. This 
principle is followed by ships in the inland waterways of Norway, 
British Columbia, Labrador and Alaska, where the ship’s whistle is 
used and the echo timed. As sound travels at the rate of 1,100 feet 
per second (5 seconds to the mile), distance offshore can be deduced 
from half the difference between the time the sound is emitted and 
the time it returns. 

By shutting the eyes, it will be found much easier to concentrate 
on the direction from whence the sound is coming. By turning the 
head, in order to get equal volume of sound in each ear, it is possible 
to obtain a very close approximation to the bearing of the sound. 
By taking into consideration the type of sound and the velocity and 
direction of the wind it may be possible to judge fairly closely the 
distance of the origin of the sound. The cessation of the sound of 
waves breaking on shore may indicate the presence of an inlet or 
harbor. 


☆ ☆ ☆ 

THE SKY AS AN INDICATOR OF LAND 

Clouds were closely watched by the Polynesian navigators and were 
used in many ways. 

The white sands of the coral atoll reflect more heat than does 
the surface of the surrounding water, causing a difference in the 
temperatures above these surfaces, which results in a small cloud 
hovering over the atoll. 

It will not be directly overhead but a bit on the lee side due to 
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the effect of the prevailing wind. The bright turquoise lagoon is 
reflected from the underside of the hovering cloud and can be ob¬ 
served by the navigator miles before these low-lying atolls appear 
above the horizon. 

Even in the absence of any clouds, lagoons or other shallow waters 
will cause a reflection in the sky itself that is very conspicuous. Be¬ 
cause light is lost in the depths, deep waters are poor reflectors and 
produce little if any such effect in the sky. 

Matthew Fontaine Maury, the renowned American oceanog¬ 
rapher, in his “Sailing Directions,” speaks of hovering clouds being 
observed not only over coral islands but over shoals. 

“They are often seen to overhang the lowest islet of the tropics, and even to 
stand above coral patches and hidden reefs, ‘a cloud by day,’ to serve as a beacon 
to the lonely mariner out there at sea, and to warn him of shoals and dangers 
which no lead nor seaman's eye has ever seen or sounded out.’’ 

The reflections from the ground or water, on the underside of 
the clouds can be used in many other parts of the world. 

In Polar regions, the reflection from the surface results in what 
are known as “water skies” and “ice blinks” and which respectively 
indicate the lack or presence of reflecting surface. 

A “water sky” is a sharply defined shadow in an otherwise bright 
sky, most clearly defined in low clouds, and indicates open water in 
the midst of ice. Conversely, an “ice blink” is a sharply defined patch 
of brightness in an otherwise gray sky and is a sign of areas of floe or 
shore ice in the midst of open water. Polar explorers have always 
paid considerable attention to these effects. 

These indications in the sky, usually seen as reflections on clouds, 
can even be seen in a clear sky. This is illustrated in a desert region 
where the reflection of dazzling white sands is called “desert blink.” 

The light from cities can be seen at a very great distance as re¬ 
flected in the sky, especially by high clouds and can be used simi¬ 
larly. Lighthouses may be seen even when far below the visible 
horizon, by the light reflected in the sky or by clouds. 
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PLATE 9 



Color of lagoon reflected from cloud indicating an atoll beyond the horizon. 



Fixed clouds around peaks with moving clouds passing by them, indicating land beyond the horizon. 













There are innumerable examples of the practical value of the 
observation of reflections in the sky such as the following: 

Henryk Arctowski states: 

“On January 19 [1898], Commandant de Gerlache pointed out the ice-blink in 
the South. The sky was uniformly covered with a thin layer of stratus [cloud], 
and just at the horizon a white line appeared like a longitudinal slit, detaching 
itself by its brightness from the grey of the sky. It was discontinuous, a little 
undulated, not rising more than 10 to 25 feet above the horizon. At 8.00 P.M. 
Lecointe reported the first iceberg, which appeared like a dome rising sharply 
out of the sea at a distance of about 10 miles.” 

Lieut. De Haven, during the search for Sir John Franklin, looked 
for an open sea to the northward and westward. He saw, in that 
direction, a “water sky.” On this information, Captain Penny later 
successfully searched in this place for open water and sailed upon it. 

FIXED CLOUDS 

It is characteristic of high islands or coastal land in many parts of 
the world to have fixed clouds or cloud crests around the summits. 
At long distances off, when the peaks are not visible, these fixed 
clouds may be seen and may be recognized by moving clouds passing 
by them. 

It is important to fix the attention on any stationary cloud mass 
and observe the movement of clouds around it. This means of indi¬ 
cating land has been used not only by all primitive peoples but by 
all the early European navigators. Bougainville and Dampier paid 
very great attention to this means, as their log books testify. 

La Perouse, one of the early French navigators in the Pacific, 
lacking many of the devices of modem navigators, was a close ob¬ 
server of visual indications of land, and states in his journal: 

“We saw a great number of birds, among which were curlews and plovers, two 
species that never fly far from land. The weather was cloudy, with squalls; but 
it cleared up successively in every part of the horizon except the South, where 
large clouds remained constantly fixed which made me believe that there was 
land in that quarter.” [Italics by author.] 
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The large fixed clouds were an accurate sign of land, but La 
Perouse was wrong regarding the curlews and plovers, because these 
are of a species seen upwards of 3,000 miles over ocean water on the 
migration route from the Aleutians to Hawaii. 

When the land is high there often is a distinctive piling up of the 
clouds which, even when there are no moving clouds passing by 
them, reveal by their structure the presence of high land. These 
masses of woolly clouds generally offer a contrast to the trade wind 
or other clouds which are typical of “over water” conditions in 
such areas. 

In tropical regions lightning from one particular direction in the 
early hours of the morning before sunrise is usually a sign of land. 
This is most often the case when the land is mountainous, or of con¬ 
siderable extent. 


☆ ☆ ☆ 

DIRECTIONS FROM THE WIND 

On most of the oceans of the world the prevailing winds may be 
used as indications of directions. Although they are by no means 
constant, it is possible to tell from the character of the wind, that is, 
by the temperature, humidity, force and type of cloud accompany¬ 
ing it, the direction from which it has come. 

If this direction can once be established and used to steer by, it is 
not difficult to note a change in direction by means of a change in 
any of the aforementioned characteristics. 

For instance, if you are below the Equator, being blown before a 
wind which, by its condition, you know to be the southeast trades, 
and sometime afterwards experience a sudden drop in temperature 
and humidity, you would probably be correct in assuming that the 
wind had gone around to the southwards. 
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Trade clouds in the tropics are usually recognized as small, iso¬ 
lated woolly tufts outlined against a blue sky, generally appearing 
in a uniform layer below 7,000 feet. Should you see these trade 
clouds disappear and see the sky become overcast with heavy, bil¬ 
lowing clouds, there is every likelihood that the wind has gone 
around through south to southwest or westerly. 

Near continents or islands of any extent, especially in the tropics 
or in temperate climates in the summertime, changes of wind after 
sunset or during the night might mean a breeze from the land. 

The surface of the sea takes longer to heat than the land area, but 
retains its heat much longer. After sunset the surface of the land 
becomes cooler while the air over the sea is warm. The warm air 
over the sea rises and the cool air from the land flows out to take its 
place. The direction from which such land breeze is coming reveals 
the direction of land. For this reason you should be on the alert for 
any possible scent from land during the night or early morning. 

Steering in a direction relative to the wind, if the wind is reason¬ 
ably constant, is quite practicable. This is especially so when you 
have no compass, and was a method of steering commonly practised 
by Arabian, and, later, by Polynesian navigators. 

The Polynesians left the coast of India before the introduction of 
the magnetic compass from China by Arab traders in about the sec¬ 
ond century a.d. They were able to direct their courses without its 
aid, and, if necessary, you can do likewise. 

A directional system brought into the Pacific by the Polynesians, 
but which was borrowed from the Arabs, was the division of the 
horizon into 32 points. 

This division, which can still be found on our present-day marine 
compasses, originated with Arabian navigators before they had the 
magnet. They took the rising points of 15 stars on the eastern hori¬ 
zon, their setting points on the western horizon, plus north and 
south, and used these 32 points in denoting direction. 

1551 


The Arabians constructed a dial of wood with 32 spikes spaced 
around its circumference. If they knew one direction, as from a 
well-established prevailing wind, or star or other sign, they could 
steer any other direction relative to it. In other words, the device 
was used as a pelorus or dummy compass. 

The “wind calabash” of the Polynesians was evidently a pelorus 
to be used in the same way the Arab navigators used the dial of 
wood. The commonly accepted story of the “wind calabash” being 
used to measure the height of the Pole Star for the direct determi¬ 
nation of latitude is erroneous. 


☆ ☆ ☆ 

DIRECTIONS FROM THE WAVES 

AND SWELLS 

Lacking a compass, or with overcast skies, the direction of the swell 
or wave motion is the best nearby means of maintaining a steady, 
required direction. Winds may suddenly change but the direction 
of swells will not; they are carried on by their momentum and it 
takes prolonged effect of a wind to disturb their path to any con¬ 
siderable extent. With a change of wind the wave motion changes 
first, while the swell persists for a longer period in its original direc¬ 
tion; thus a peculiar effect of a wave motion in one direction and 
a long swell in another is often seen. 

Modern navigators would be at a loss if asked to navigate with¬ 
out the use of radio or without reference to the sky, landmarks or 
soundings for depth. The surface of the sea is just a lot of water 
to them. 

The ever-changing appearance of the sea was full of meaning to 
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the Polynesians. The general form of the waves and the innumer¬ 
able other effects caused by the vicinity of land on this wave motion 
were of the utmost value to them as navigating aids. Careful obser¬ 
vation of the sea close to the islands was all the more necessary 
because soundings were impossible in the extreme depths surround¬ 
ing their coral islands. By using their eyes, they learned to interpret 
the characteristics of wave formations which in many instances were 
as dependable as definite landmarks. 

The Micronesians navigated in the same way throughout their 
island groups but they evolved a unique method of charting the 
surface waters. Using the ribs of coconut palms and tying them 
together with coconut fiber, they constructed a framework to rep¬ 
resent the curvature and meeting points of the wave motion in and 
around the islands. The islands were represented on this framework 
by small shells. The charts were not actually made to scale, for the 
native thinks of distance in terms of time, that is, so many canoe 
days from one place to another. They were really aids to memory. 
There were three types of stick-charts; simple instruction charts 
used in teaching, general charts of a large area, and charts of local 
areas. Although 43 examples of these stick-charts are preserved in 
museums throughout the world, charts of the same areas differ con¬ 
siderably. The reason for this is that each navigator made one for 
his own use and incorporated in it any ideas that were of particular 
interest and help to him. We have much to learn from a considera¬ 
tion of their methods. The main thing to learn is to see the water, 
not as a meaningless mass, but to look for those indications which 
were so full of significance and importance to the native navigator. 

The prevailing wind brings parallel swells towards an island. As 
the swell approaches the island, even out of sight of land, it starts to 
curve, and, nearing the island, it curves to the shape of the obstruc¬ 
tion. At this stage, the swells which are directly in front of the island 
start to form into smaller waves which gradually build up and break 
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on the reefs. This wave motion from the direction of the prevailing 
wind is easy to see. 

On the opposite side of the island is a counter-swell much less 
noticeable but nonetheless visible to anyone who looks for it. Know¬ 
ing of its existence, I have seen this counter-swell with my own eyes, 
not only from the water but from the air where its curves as it ap¬ 
proaches the island are easily recognizable. At right angles to the 
direction of the prevailing wind each counter-swell meets a swell 
from the opposite direction, causing a slight eddy or disturbance in 
the water. 

When the Micronesians were steering for an island and missed 
it, they would reach this row of meeting points of two opposing 
swells and sail down it as a line of direction to the island. At night¬ 
time, luminescence indicates the position of these wave intersections 
and can be used in a similar manner. 

I have outlined merely the simplest case of the use of the Micro- 
nesian study of wave motion, but in addition, they used the cross¬ 
ings of the swells of one island with those of another. In other words, 
the native navigators charted the directional characteristics of all the 
swells throughout their groups of islands. A stick on their charts in¬ 
dicated the distances off land that the coconut palms could be seen. 
Other lines showed how far out the effect of an ebb tide from a 
lagoon meeting the oncoming swell was noticeable. The latter indi¬ 
cation could be recognized in many cases well out of sight of land. 
The same effect can be observed far off any coast where a bay or 
estuary will produce a like condition. 

It will not be practicable to give examples of the many Micro- 
nesian charts, because each one was made for a particular place and 
condition. What you can learn from them, though, is to observe and 
interpret the meaning of the many things that the surface of the sea 
can tell you; the curvature of the swell, interruptions to the swell 
and the eddies and meetings of swells. 
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PLATE 10 



Characteristic curvature and meeting of swells around an island. Also showing the ebb tide from a lagoon interrupting swells 























Another effect that can be detected from the state of the sea is 
that, when there is high land on the shore and the wind is blowing 
off the land, benefit of the protection of this barrier will be felt even 
well out of sight of it. Naturally, if it is a low coast line or low island, 
one will need to be close up before seeing any appreciable reduction 
in the size of the waves. You may be sailing or drifting and find that 
the sea has subsided although the wind has not. You can be pretty 
sure, in this case, that you are getting some protection from nearby 
land. 

One other thing noticeable to the native navigator was the ground 
swell caused by the prevailing wave motion breaking on the shore 
and throwing back a swell from the land which ran over the top of 
the oncoming swell and could be distinguished quite a long way out. 

It should not be thought that this was the only method of naviga¬ 
tion used by the Micronesians because, in addition to a close study 
of the features of the surface waters, they used the sun and stars, the 
flight of birds and all die other indications diat we have mentioned. 


☆ ☆ ☆ 


OCEAN CURRENTS AND THE COLOR 

OF THE SEA 

The color of the sea is very important in helping you to determine 
your position. In general, the deeper waters are dark green or dark 
blue. Lighter colors indicate shallower water. 

The color of the sea is not, as often thought, only a reflection of 
the sky above, but depends on the contents of the water itself. The 
quantity of living organisms or particles carried from the land, the 
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salinity, the depth, the light scattered from the depths, the nature 
of the bottom, all contribute to the resultant color. 

When the water is blue or green, the intensity of the color is gen¬ 
erally an indication of depth. Whether the sea is blue or green de¬ 
pends on the quantity of particles or organisms and its salinity. The 
more particles, the greener; the fewer, the bluer. 

The blue is essentially characteristic of regions near the Equator 
and the green of more northern or southern areas. The lack of life 
and living organisms and particles and the high salinity of the waters 
of the Sargasso Sea make it bluer and clearer than any other water 
known, salt or fresh. 

When green water is found in the tropics, it is most often an indi¬ 
cation of shallow water, where the yellow colors of the sand or coral 
bottom, mixed with the blue color of the water, gives a green effect. 
Where the bottom consists of pure white sand, shallow water will 
have a very light blue appearance. But this is somewhat exceptional. 

Considering deep water where the nature of the bottom has no 
effect, the salinity of the water to a great extent determines whedier 
it is blue or green. Sea water of high salt content is blue and water of 
little salt content is green. Because of the very considerable evapora¬ 
tion which takes place in hot climates the seas of the tropics contain 
a very high percentage of salt and are therefore blue; while the lack 
of evaporation in cool seas, together with the addition of fresh water 
from melting ice, makes them less salt and consequently green. As 
an illustration, the waters of the Red Sea and the Mediterranean, 
which are subject to high evaporation and are not diluted by fresh 
currents from melting Polar ice, are very blue. 

At the mouths of large rivers the sea water is diluted and the effect 
can often be detected far out from the coasts, tending in tropical 
regions to make the water green instead of blue. The effect of the 
water of the River Plate can be noticed a thousand miles at sea, not 
by its mud content which has already been deposited nearer the 
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shore, but by producing a less salty taste and a green appearance. 

A red appearance in the water, caused by minute organisms, is 
found in many parts of the oceans of the world but is not a reliable 
indication of proximity to land. A brown, or muddy, appearance 
in the water, however, is almost certainly the effect of silt coming 
from a river or estuary and consequently almost always shows near¬ 
by land. 

A knowledge of the ocean currents throughout the world will be 
most valuable to those who are afloat in small craft. The color and 
temperature of the water will help to identify the current, from 
which you can determine your whereabouts and the direction and 
rate of your drift. 

The waters of the world have their own distinctions. They are in 
constant motion and derive their properties from their origin and 
the conditions through which they pass. Thus a current stream from 
the Poles containing a large percentage of fresh water from the ice 
will be cold and green. Such a current may proceed thousands of 
miles, subject to deflections of land and other influences, and pass 
through or directly alongside warm streams having a different color 
and temperature. The boundary line between ocean streams is 
usually very clearly defined, as, for instance, between the Gulf 
Stream and the Labrador Current. Since the tracks and limits of 
these streams are known, they provide a ready and valuable means 
of determining one’s position. 

The Gulf Stream, which was named because of an erroneous idea 
that it originated in the Gulf of Mexico, is now known to pass from 
the Strait of Yucatan to the Strait of Florida, and very little of it 
enters the Gulf of Mexico. This stream having a tropical origin, a 
very high salt content and insufficient oxygen to be conducive to 
the growth of living organisms, is blue and warm, and thus may 
be readily distinguished from adjacent streams from other sources 
through or alongside which it passes. 
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The current which flows out of the Arctic along the coast of 
Labrador and then between the Gulf Stream and the coast of Canada 
and the United States, is cold and green and there may be as much 
as 30 degrees difference in temperature between it and the Gulf 
Stream. 

Any group adrift should pay close attention to changes of tem¬ 
perature in the air and should make constant comparisons with such 
changes in the water. This will reveal, especially in calm weather, 
alterations in the surface water of the sea. If, in the open sea, a small 
change in water temperature is perceived without a local weather 
change to account for it, it may be assumed to be either a shore 
effect or, in the Northern Hemisphere, to be a current from the 
northward, if cooler, and from the southward, if warmer. The re¬ 
verse will be true in the Southern Hemisphere. 

Navigation by means of observation of temperature changes of 
the water was the subject of experiments by Benjamin Franklin, 
Jonathan Williams and others in the latter part of the 18th Century 
when the determination of longitude by chronometer was not yet 
commonplace. They called this method “Thermometrical Naviga¬ 
tion” and it consisted of taking frequent temperatures of the sea 
water and referring to charts giving accurate positions of the warm 
and the cold currents in the Atlantic Ocean. Surprisingly accurate 
results were obtained, but this means was not continued after the 
chronometer became more generally used. 

A thermometer will be very valuable in helping you determine 
your location, the ocean stream which you are in, and the possible 
rate at which you will drift. Even if you have no thermometer you 
can notice a change in the temperature by dipping your hand in the 
water, from which you can usually deduce a change in current. This 
was put into good use by the Polynesians throughout the Pacific. 

On pages 68 and 69 reference is made to the ocean currents and 
temperature charts which immediately follow. These charts show- 
winter and summer currents and winter and summer sea tempera¬ 
tures for the oceans of the world. 
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The importance of the changing color of the water was not over¬ 
looked by primitives and by early European navigators. We have 
continuous references to “the green hue of soundings.” The Poly¬ 
nesians were able to navigate in and around coral reefs merely by 
watching the color change and, in any particular area, taking into 
consideration the nature of the bottom, could tell depth very accu¬ 
rately in this way. If you should be picking your way among reefs 
and coral heads, take a tip from the natives and do so with the sun 
at your back and out of your eyes. 

The haze from the surf breaking upon reefs is almost invariably 
seen before the land comes into view. At night, increasing lumines¬ 
cence, due to organisms in the water, constitutes a warning that you 
are approaching a reef or shore line. 

Gallego, the early Spanish voyager in the Pacific, wrote in his 
journal of 1566: 

“When the night overtook us we were without knowledge of any port, having 
much thick weather with wind and rain. Guided by the phosphorescence of the 
sea, we skirted the reefs; and when I saw that the reefs did not make the sea 
phosphorescent I weathered the point and entered a good harbor at the fourth 
hour of the night.” 

In view of what we know today the word “phosphorescence” is 
erroneous. The light in the sea is due to organisms and phosphorus 
has nothing to do with it. 


THE APPEARANCE OF FLOATING ICE 

Any low, smooth, flat pieces of ice that look as if they might be 
part of a jigsaw puzzle, especially if fairly close together, will sig¬ 
nify probable nearness to a frozen cove where the ice has recently 
been broken off by tidal or other effects. If such ice is largely dis¬ 
persed and the pieces edged with a raised rim of crushed fragments 
it may have been carried for a long distance by wind or currents. 
Knowing your prevailing current and wind, you can tell the general 
direction from which such ice has come. 
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This “bay ice” is usually altogether different from pack ice and 
“pancake ice” formed in the open sea. Open-sea ice rarely, if ever, 
appears in any but rounded flat pieces, made up of small fragments 
and occasional large floes, while “bay ice” is less regular, more com¬ 
pact and usually whiter than open-sea ice. 

Icebergs and large fragments will show current drift only, their 
movement being relatively unaffected by opposing winds. Rough 
and irregular in appearance, they will show varying wave erosion 
marks at different angles, due to shift in the center of gravity as the 
ice has melted or broken off. Any large pieces showing no such wave 
erosion lines have not drifted far. 

I 

Although the problem of obtaining sufficient fresh water is not 
usually serious in cold latitudes, it may be worthwhile to know that 
you usually can get fresh water from the ice at the top of the larger 
floes even though the lower parts may be salt. 

☆ ☆ ☆ 

THE USE OF VISUAL INDICATIONS 

Linschoten Voyages. Extracts from the English 
translation of the Dutch Account. London, 1598 

“The 20th of September [1585] we perceived many snakes swim¬ 
ming in the sea, being as great as eeles, and other things like the 
scales of fish which the Portingals call Vintijas [Velellas ?], which 
are Ryalles of silver, Portingal money, because they are like unto it; 
these [sea snakes and Velellas] swimme and drive upon the sea in 
great quantities, which is a certain sign and token of the Indian 
coast. Not long after with great joy we descried land . .. [land at 
entrance of River Goa].” 

“The 20th of April [1586], we took the hight of the sunne, and 
found it to be 36 degrees; and againe we saw greene water and some 
birds which they call Alcatraces [Pelicans] and many sea-wolves, 
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which they hold for certain signes of the cape de Bona Speranza 
[Cape of Good Hope].” . . . 

“As we thought we were hard by the land, but yet saw none the 
same day we were in great hope to pass the cape so that the men be¬ 
gan to be in better comfort, by reason of the signes we have seene. 
All that day we saw greene water, till the 22nd of April upon which 
day twice, and in the night following we cast out the lead, and 
found no ground, which is a good signe that we had passed the Cape 
called das Agulhas, or the cape of the needles, which lieth under 
35 degrees, and is about 20 miles from the Cape de bona Speranza, 
which lieth under 34 degrees and a half. And because that about 
this cape das Agulhas, there is grounde found, at the least 30 or 40 
miles from the land, we knew we were past it; as also by the colour 
of the water, and the birds which are alwaies found in those coun¬ 
tries, and the better to assure us thereof, the great and high sea left 
us, that had so long tormented us, and then we found a smoother 
water, much differing from the former; so that as then we seemed 
to be come out of hell into Paradice.” . . . 

[1586] “The signes and tokens whereby they know themselves to 
have passed the Cape, are great heapes and pieces of thicke reedes, 
that alwaies thereabouts drive uppon the water, at least 15 or 20 
miles from the land; as also certaine birds by the Portingals called 
“Feigions” [Cape Pigeons], somewhat greater than sea mewes, be¬ 
ing white and full of black spots over al their bodies and very easie 
to be known from all other birds.” 

“The eight of April [ 1589] in the Morning, after we had sayled 
fifteene daies before the winde, towards the cape, we perceived some 
signes of the land, which is greene water; but we found no ground, 
yet was it not above fortie miles from land, according to the Pilots 
judgement. We saw there also divers of the Birds called Mangas de 
Velludo, that is to say Velvet Sieves [Cape Gannets], for they have 
upon the ends of their wings, blacke points like velvet, all the rest 
being white and somewhat gray, which they hold for a certaine signe 
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of land that lyeth within the Cape de Bona Speranza called Baya de 
la Goa, or the Bay of the Lake and lyeth under thirtie degrees and a 
halfe, from the coast that reacheth towards Mosambique.” 


☆ ☆ ☆ 

WINDS, OCEAN CURRENTS AND 
TEMPERATURES 

To any raft or lifeboat in the open sea, the currents and winds will 
be of greatest importance. 

Because the movement of such craft is necessarily slow, the effect 
on them of winds and currents will be considerable. For this reason, 
the accompanying wind and current charts, plates 8 to 19, have been 
drawn so that the effect of currents and winds may be taken into 
account. 

These charts have been made for two opposite seasons of the year 
so that the results for other months may be judged proportion¬ 
ately between these two seasons. The directions of the cold current 
streams of the oceans are shown with black arrows; the warm cur¬ 
rents are shown in red. Where the daily rates of flow of currents 
are known, they have been shown. 

Sea temperatures are marked at various intervals and from these 
can be determined the ocean stream in which you find yourself. 

It will be of great value to carry a small thermometer as standard 
equipment in rafts or lifeboats. The thermometer need have only a 
range from 34° to 85° Fahrenheit. 

The area contained by the Doldrums, which is a belt of calms be¬ 
tween the northeast and southeast Trade Winds, is indicated by a 
gray band. In the doldrums the wind will be found most variable, 
the sky generally overcast, with frequent rain and wind squalls. 

The resultant winds in various parts of the oceans are designated 
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by large gray arrows. An arrow does not mean that you will always 
get the wind from that particular direction, but is the resultant 
wind. This resultant direction will be of more value than the direc¬ 
tions of what are usually termed prevailing winds. The prevailing 
wind is the direction from which the wind most of c en blows. 

The resultant wind, as the name implies, is the result of the pre¬ 
vailing and other winds which are ordinarily found at that time and 
place. It is the effect over a period of time and distance that will be 
of most value to small craft. 

Neither currents nor resultant winds should be considered by 
themselves. Your judgment must be made with consideration of 
both of them; or if they are in opposite directions, which of them 
will be to your greatest advantage. It will depend upon your capac¬ 
ity to sail whether the winds will have more effect than currents. 

If you are in a strong current which is flowing in the direction in 
which you desire to go, and the wind is directly opposite, it may be 
of more advantage to put out a sea anchor, thus holding yourself to 
the water, than to be drifted in the other direction by the wind. A 
sea anchor may consist of any object lowered below the surface and 
which will act as a drag. 


SYMBOLS ON CURRENT CHARTS 


Gray band. Doldrums 

Broad gray arrows. Resultant winds 

Red arrows . Warm current streams 

Black arrows. Cold current streams 

Red figures in italics .... Ocean temperatures, warm streams 

Black figures in italics. Ocean temperatures, cold streams 

Upright figures (as 10-30M) . . . Drift of currents in miles per day 
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PLATE 8 


North Atlantic—February 























PLATE 9 


North Atlantic—August 
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PLATE 10 


Central and South Atlantic—February 
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PLATE 11 


Central and South Atlantic—August 





















PLATE 12 


Southeast Pacific and Caribbean—February 
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PLATE 13 


Southeast Pacific and Caribbean—August 
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PLATE 14 


North Pacific—February 

















PLATE 15 


North Pacific—August 
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PLATE 16 


Southwest Pacific—February 
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PLATE 17 


Southwest Pacific—August 
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PLATE 18 


Indian Ocean—February 
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Indian Ocean—August 
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ESTIMATION OF DISTANCE 


It will be useful to know how to judge distances at sea whether it be 
the distance of a ship or of land. Due to the curvature of the earth, 
the greater the height of the observer’s eye, the greater his range of 
vision; that is, the farther will be his visible horizon. 

For an accurate determination of the distance of the horizon at 
sea, take the square root of the height in feet of the observer’s eye 
and multiply by 1.15. The result will be the distance in miles to the 
horizon. If the height of eye is 9 feet above sea level, the square root 
of 9 being 3, and multiplied by 1.15, the horizon will be at about 
31^ miles; hence any low floating object just on the horizon will also 
be about 31^ miles away. 

Where the object is between you and the horizon, you can esti¬ 
mate the proportionate distance between yourself and the object 
and the object and the horizon, and thus get a close estimate of dis¬ 
tance, calling on your familiarity with perspective. 

When some part of an object beyond the horizon is visible above 
the horizon, if it be a ship and you can form an idea of what type it is, 
you can estimate the height above the water line of the part of the 
object just level with the horizon. You then add the square root of 
its height above the water line to the square root of your height 
above the water line, and multiply by 1.15 which will give you the 
distance to the object, even though you cannot see its full outline. 

For example, suppose you see the crosstrees on the foremast of 
what appears to be a large steamship. Although the hull is out of 


sight you assume that in a ship of this particular size the crosstrees 
will be at a height of about 64 feet from the water line. The square 
root of the height of the object equals 8, added to 3, the square root 
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of the height of the observer, makes 11, which multiplied by 1.15 
gives about 122/3 miles. 

The importance of this calculation can be seen when valuable 
reserve energy may be uselessly expended in an endeavor to reach 
an object whose actual distance is far greater than at first thought. 

If the height of some prominent known object, such as a moun¬ 
tain or headland is known, this same method may be used. Many 
trees are of known average height, such as the coconut palms of low 
islands, which may be taken with little error as about 80 feet above 
the water line; so that if the tops of the palms appear in line with the 
horizon and the height of the observer’s eye is still 9 feet, the dis¬ 
tance off would be about 13 54 niiles. 

If you don’t want to bother with multiplying by 1.15 in the pre¬ 
ceding examples, it won’t make very much difference for your pur¬ 
pose if you leave it out. You will be out 13% at most. 


☆ ☆ ☆ 

USE OF THE BASE CHART 

Accompanying the book will be found a chart of the world with the 
stars superimposed in red. A date and time tape is provided to locate 
a particular star at a given time. No other charts will be necessary. 

This navigational world chart is on a Mercator projection and 
extends from latitude 50 degrees South to 70 degrees North. The 
particular scale was chosen to provide all the accuracy consistent 
with the directional aids that are described. 

A larger scale chart, such as used with precision navigating instru¬ 
ments, is not practicable. The chart provided is ample for the meth¬ 
ods covered in this book; methods which can be used by anyone 
regardless of previous experience. 
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This chart on Mercator projection is considered the most suit¬ 
able for purposes of navigation. Any representation of a sphere on 
a flat surface is a distortion, so there is no such thing as a chart which 
is perfect in all respects. Some projections preserve equal areas, 
others show shortest distance between two points; but this type, 
while sacrificing equal area and shortest distance, has many other 
advantages for navigation. 

A compass course on it is a straight line. Being a rectangular pro¬ 
jection, courses are easily measured on it; but one of the principal 
advantages is that a straight line is the actual path of a craft over the 
earth’s surface. The important thing to remember about using a 
Mercator chart, is that the scale of latitude, which is also your scale 
of distance, is an expanding one from the Equator towards the Poles. 
Latitude, or your position North or South of the Equator, is de¬ 
scribed fully on page 125. 

TO MEASURE COURSE AND DISTANCE ON THE WORLD CHART 

MEASUREMENT OF COURSES 

The modem and simplest way of describing and measuring a 
course is by a 360° circle in which o° is True North; 90° is East; 180° 
is South; 270° is West; 360° is the same as o°. The symbol for de¬ 
grees is 0 and for minutes of arc is '. 60' equal i°. 

Course is the direction you wish to sail. It can be determined by 
drawing a line from your position to die desired destination and 
continuing this line until it cuts either a parallel of latitude or a 
meridian of longitude. Parallels of latitude and meridians of longi¬ 
tude are explained on pages 125 and 133. The true course is the angle 
that this line makes with respect to True North, measuring the angle 
from North around through East and South in a clockwise direction. 

For our purposes we can entirely disregard the old-fashioned way 
of measuring courses in the four quadrants—North so much West; 
South so much West; North so much East; and South so much East. 
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We can also forget the description of courses in terms of “points/’ 
A point, with older methods of navigation, was 1 1 ] 4 °* There were 
32 points around the compass and a lot of time was taken up by 

young seamen learning 
the mysteries of “box¬ 
ing” the compass. 

A small circular 
transparent protractor, 
marked in 360°, should 
be part of the equip¬ 
ment of all life boats 
and rafts. 

Place the center of 
the protractor on the 
parallel of latitude or 
meridian of longitude 
where it is cut by your 
course, and read on the 
protractor the number 
of degrees of this course 
from North through 
East, and South, to¬ 
wards 360°. In other words, in a clockwise direction. Remember 
that o° or 360° is at the top—otherwise North. 

In using the protractor to measure your course continue the line 
as previously directed until it crosses a parallel of latitude. Lay the 
protractor on the chart as shown on the previous page. If it is more 
convenient you may continue the line to where it crosses a meridian 
of longitude, in which case you lay the protractor as in the lower 
part of the figure and measure the angle as shown. 

If you should lose your protractor, take a piece of paper, lay it 
along your course line and fold and cut or tear this paper so that it 
fits the angle that this line makes with a north and south meridian. 
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OBSERVERS POSITION 


On the chart you will find a compass circle placed over the land area 
of the United States. With this piece of paper you may measure your 
true course by placing it with its point at the center of the com¬ 
pass circle with one edge 
against the north or verti¬ 
cal center line of the com¬ 
pass circle, and the other 
edge in the direction of 
your course. You can then 
read your true course on 
the edge of die circle. 

MEASUREMENT OF 
DISTANCES 

As mentioned previ¬ 
ously, latitude is actual 
distance on the surface of 
the earth. 1 ° is equal to 60 
nautical miles. 1 minute 
of latitude is the same as 1 
nautical mile (6080 feet). 

To measure distance in any direction it must be measured on the 
latitude scale. As the latitude scale is an expanding one from die 
Equator to the Poles, this procedure should be followed: 

Take a point half-way between your position and your destina¬ 
tion, and put a pencil mark on this half-way point. Take a piece of 
paper and lay its edge along the course marking on it the beginning 
of the course, the half-way point and the destination. Place the edge 
of this piece of paper vertically on your latitude scale on the left or 
right border of the chart with the half-way point at the same latitude 
that the mid-point was on your course. Each degree of latitude will 
be 60 miles and you can determine by eye the proportion for the 
odd number of miles. 


NORTH 
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USE OF THE COMPASS 


All life boats and rafts should have a compass as standard equipment 
and even though the occupants may not have had any previous ex¬ 
perience with this instrument, no difficulty will be experienced if 
a few simple rules are followed. 

See that the compass is placed so that the fixed reference point on 
the bowl (called the lubber line), is either in the lengthwise center 
line of your craft or parallel to it. In other words, this reference 
point represents the head, or bow of your boat, and if it is io° out 
of line your compass will be io° in error. 

Next see that your compass is placed in a position where there is 
no excessive effect from iron or steel fittings. Remove any loose 
metal objects, knives, etc. from the vicinity of the compass. Do not 
bend over a compass with a steel knife in your pocket and expect it 
to read accurately. Compasses will be generally marked in degrees 
from o° to 360° by way of East which is 90°, South 180°, and West 
270°; or some older types may still be marked in quadrants of 90°. 

For our purposes we will consider the compass rose (or circle) to 
be numbered from o° to 360°. This will apply to any directions 
mentioned throughout this book and also to the tables on the sheet 
accompanying the book. 

The compass needle points True North in only a few places on the 
earth’s surface. The reason for this is that the North and South 
Magnetic Poles are not in the same position as the True North and 
South Poles. 

The amount that the compass points away from True North var¬ 
ies according to your position on the earth. The small chart showing 
this deflection, which is called “Variation of the Compass” is given 
in the upper left portion of the world chart, accompanying this book. 

On this small chart are lines joining all places having the same 
number of degrees and character (East or West) of compass varia¬ 
tion. Spot your approximate position on this chart and judge from 
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these lines the number of degrees your compass is being deflected. 

If you are nearest a line marked io° East, that means that the com¬ 
pass is pulled io° towards East from North. In this case you must 
steer io° nearer North by your compass to make good your correct 
true course. That is, you substract io° from your true course to ob¬ 
tain what is called your “magnetic course/’ 

If the error shown on the variation chart is West, you will add 
that number of degrees to your true course to obtain your magnetic 
course. 

If you have no error due to metal in your craft the magnetic 
course will also be what is termed your “compass course,” and if you 
are making no allowance for wind it will be the course you will steer 
by your compass. 

Consideration should always be given to the angle at which your 
craft will be blown off course by the wind. This is called “leeway.” 
In a raft or lifeboat, due to the slow speed, and the absence of a keel 
the angle of leeway may be rather large. This angle may be esti¬ 
mated fairly closely by watching the angle of the wake with the 
center line of your craft. 

If you find this difficult to judge, tie an object on the end of a fish¬ 
ing line and let this out some distance behind you. The angle the 
end of the line makes with your center line will be your approxi¬ 
mate leeway. It will be evident which way this number of degrees 
should be applied to your course in order to stay on your desired 
track. 

You may check whether or not your compass is being pulled by 
nearby metal by sighting on the Pole Star in the Northern Hemi¬ 
sphere; by the sun when it reaches its highest point at noon which 
will be True North or South of you; or by the direction of sunrise 
and sunset given for your date and latitude in Table E in the tables 
accompanying this book. 

You may check your compass at other times of the day by the 
direction of the sun, and by the stars at night. These means are dis- 
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cussed under the headings: Directions from the Sun, and Directions 
from the Stars and Moon on pages 121 and 106. 

The amount that your compass is off compared with these true 
directions will be your total compass error including the variation 
due to the offset of the Magnetic Poles, combined with any error due 
to local attraction in your craft. 

To determine noon, and therefore the North or South point from 
which to check the compass, look for the Duration of Day in Table A 
in the loose sheet of tables. Divide the time by two and you will 
have your time of noon from sunrise close enough for directional 
purposes. 

☆ ☆ ☆ 

MEASUREMENT OF ANGLES 

Long before angle-measuring instruments were developed Arabian 
navigators in the Indian Ocean successfully used the fingers of 
the outstretched hand to measure the height of the Pole Star 
above the horizon, which angle gave them their latitude. A knowl¬ 
edge of rough angle measurement may be very useful. 

With the arm outstretched the average person’s span between the 
thumb and middle finger extended just comfortably will measure 
an angle of about 15 0 arc. With the arm in the same position, the 
span between the thumb and middle finger spread as far as possible, 
will measure about 19 0 of arc. If you want an angle of 22° extend 
your arm and hand in the same manner and the distance between the 
tip of the thumb and the tip of the little finger will approximate 22°. 

With the arm outstretched and the palm down, the closed fist will 
cover an arc of 8°, and with the arm in the same position but with 
the fingers upright and the back of your hand towards you, the 
middle finger will cover an angle of 2 0 . 

While these measurements apply for the average person it will 
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be worthwhile for 
you to check your 
span with accurate 
angles. This may 
be easily done at 
night after you have 
learned to recog¬ 
nize some of the 
principal stars from 
the star diagrams 
which follow in the 
book. 

The names of the 
stars may sound 
confusing to you 
and while it is to 
your advantage to 
remember them it 
is not essential as 
long as you rec¬ 
ognize the pattern 
that they are in. 

The angle be¬ 
tween Betelgeux 
and Aldebaran is 
22°. The 8° meas¬ 
urement with the 
fist clenched can 
be checked between 
the stars forming 
the bottom of the 
bowl of the Dipper, 
Phecda and Merak. 













The 2° measurement with the middle finger can be compared with 
the 2° distance between Schedir in the constellation of Cassiopeia, 
and a much smaller star towards the center of the W. 

These angles are accurate to the nearest degree. The actual angles 
between any stars may be determined from the Combined World 
and Star Chart just as you would measure distance in degrees and 
minutes on the chart between geographical positions. 

THE “HARP” FOR MEASURING ANGLES 

Hand measurements will be useful for quick and fairly rough 
determination of angles but can be improved upon even in a simple 
way where more accuracy is desirable. 

All manner of gadgets have been suggested for inclusion as stand¬ 
ard equipment in rafts and lifeboats. If all the suggestions were car¬ 
ried out there would be no room for passengers. With this in mind, 
a means of measuring angles without special equipment has been 
arranged to suit the particular needs of such craft. 

The device suggested is very simply made. In order that we may 
refer to it in one word rather than describe it each time, it will be 
referred to hereafter as the “Harp.” 

It is assumed that you have no precision instruments with you and 
it is also assumed that you have no experience in the use of them. If 
you follow the instructions carefully, you should be able to measure 
the height of the sun or stars with reasonable accuracy. 

Take a stick, paddle or other object 3 feet or more in length, mark 
a distance of exactly 3 feet along its edge. On the bottom of the world 
chart will be found an accurate 3 foot measurement on the Harp 
scale. 

There is no need to mark the scale divisions on the stick, but 
merely the 3 foot mark from one end of the stick. 

Knot a length of string or fishing line so that you have on each side 
of the knot a length of over 26 inches; tie the ends of these strings, 
one to the extreme end of the stick and the other at the 3 foot mark, 
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but tie them so that each length is as exactly as possible 25.45 inches 
from the edge of the stick to the knot. This length is shown on a scale 
below the 3 foot Harp scale on the bottom of the chart. 


When pulled out from the position of the knot, a triangle is 
formed which is 3 feet on one side and 25.45 inches on each of the 
other sides. If, as with the average person, your right eye is your sight¬ 
ing eye, hold the stick in your left hand, the knot between the thumb 
and first finger of the right hand. Now pull the strings taut, holding 
the knot at the position shown in the illustration which brings it 
in an approximate equivalent position to the axis of rotation of 
the eye-ball, with the stick in a vertical position. Turn your body 
towards the sun or star whose height you wish to measure and turn 
the head to the left so that the right eye faces squarely to the sun. 

Keeping the stick in an up and down position, raise the bottom of 
it to a point just touching the horizon. With the bottom of the stick 
just flush with the horizon, get the sun or star along the vertical 
edge. Move the hand along the stick so that the top of the sun just 
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clears the tip of your thumb. With a sideways twist of the hand, see 
that the bottom of the stick describes a small arc just skimming the 
horizon and then note the exact position of the sun or star along the 
stick. 

Actually the thumb may be held in the position where the sun 
appears on the stick. Mark this point on the stick and lay it along 
the degree scale (marked Harp Scale) on the bottom of the world 
chart. Read off the angle for the distance from the bottom of the 
stick to the point where the sun or star is marked. This will be the 
angular height of the sun or star, from which you will be able to 
determine your latitude north or south of the Equator. How you 
obtain your latitude from this measurement will be described in 
the chapter “How Far You Are North or South” on page 125. 

I am indebted to Colonel Thurlow of the Equipment Laboratory, Army Air 
Forces, Wright Field, for the result of tests made with the Harp, and the sugges¬ 
tion of the position, in relation to the eye, in which the knot should be held. 
Tests that he has conducted show a remarkably consistent accuracy in measuring 
altitudes to within ten minutes (equivalent to ten miles), which is far better than 
ever expected with this emergency device. 


☆ ☆ ☆ 

HOW THE POLYNESIANS USED THE STARS 

Polynesians viewed the heavens as the inside of a shell or pit which 
revolved around them. The stars in this dome were seen to rise over 
the eastern horizon and to descend and finally disappear over the 
western horizon. Watching the heavens night after night they saw 
that the stars stayed in the same relation to one another; rotated 
around an imaginary axis, and that the same stars month after 
month passed over the same islands. They noted that although 
they kept this same path, they appeared earlier each night (about 
four minutes with our way of measuring time). 
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In the course of a year, they observed that the stars had the same 
position in the sky at the same time at night as they had exactly a 
year before. A complete rotation of this star sphere had taken place 
and it was very clear to them that star time gained on sun time by the 
amount of one day a year. 

They viewed the stars as moving bands of light and knew all the 
stars of each band which passed over the islands they were interested 
in. Their method of navigation by these heavenly beacons was to 
sail towards the star which they knew was over their destination at 
that particular time. This was an amazingly simple system and re¬ 
quired no instruments. 

To clarify this, let us imagine the stars stationary for a moment. 
Each star in the heavens will be exactly overhead at some place on 
the surface of the earth. If we know at this moment what star is over 
the island of Hawaii, we have a shining beacon standing immedi¬ 
ately above the island and which can be seen thousands of miles 
away. If we steer for this star, we actually follow the shortest possible 
course which is called by navigators “a great circle.” In modern navi¬ 
gation, due to the fact that a compass course is not the shortest dis¬ 
tance, an approximation has to be made. 

We then realize that the Polynesian system was more perfect in 
principle than our modern methods. 

Not only does this star give us the direction and the shortest course 
to our island, but we are able to tell when we are reaching it by get¬ 
ting right under the star. This is all very simple while the heavens 
remain stationary. 

Although primitive peoples had no mechanical means of telling 
the time during the day or at night, they had a perfect concept of 
time. We think of distance in terms of miles and our whole habit of 
thinking is one of space; whereas the Polynesian had no word for 
distance, no use for space, but thought only of time. It was the time 
he took to get to a place that determined how far away it was to him. 
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The Tahitians divided the daytime into six divisions of time and the 
same number during the night. 

Without mechanical aids, it is not difficult for people to judge ac¬ 
curately the passage of time, especially when their habits are regu¬ 
lar, as were the Polynesians', who ate at ten in the morning, four in 
the afternoon, and retired at nine o’clock at night. The stomach is 
an excellent time keeper from its degree of fullness or emptiness. 
Once having established the definite and short period of time that 
the stars rose earlier each night, they could then be used as a reliable 
check on their time sense. 

Now let us start the heavens moving again, and we are back to the 
star that we are steering for, and which was over Hawaii. This star is 
now moving on a definite track westward. Other stars which are the 
same distance north of the Equator follow along exactly on that 
same track and the next star which passes over Hawaii will be used 
to steer by. In turn, this star will move on and the next star in the 
same band will be used as a guide. This process will continue until 
we arrive underneath the star which, at that time of the year and at 
that time of the night, will be directly over our destination. It will be 
seen that, disregarding time entirely, we can reach our destination 
by sailing along underneath this narrow and circular band of stars 
which rotate year after year over the island to which we are sailing. 
Without taking time into account we can not make the shortest 
course, but we will eventually get there if we know whether we are 
east or west of our destination. 

By following the Polynesian method, we are able without in¬ 
struments to arrive at any desired latitude closely enough for our 
purpose. 

I am not describing a precise system to supplant modern naviga¬ 
tion and instruments but a method which was effectively used by the 
native navigators to bring them within a reasonable distance of their 
island destinations. Using only eye observations in this manner and 
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getting within range of, say, 50 to 75 miles of the island, they brought 
into use all the other natural means that we have described earlier in 
the book for making the actual landfall. 

Not having had the opportunity to practice and thus become as 
proficient as the Polynesians in the mental measurement of time, if 
we want to sail as direct a course as they could, we will have to make 
up for our lack of time concept by the use of a watch. The native 
navigators were walking almanacs in that they remembered all the 
stars in those bands which passed over the island to which they 
sailed. 

Captain Cook was amazed at the ability of a native who joined 
him at Tahiti and accompanied him as far as the East Indies. At 
any time during the passage, even as far as Batavia, when asked in 
what direction Tahiti lay, he was able without hesitation, night or 
day, to point very accurately in its direction. It is entirely impossible 
for any modem navigator to do the same thing unless he does so by 
the Polynesian system of “overhead or direction stars.” You will 
note that I said also during the day. He was able to do this by know¬ 
ing where the sun was overhead each day and the relationship of its 
position with his home at any time of year. 

Should modem navigators not be impressed with the accuracy 
possible by eye observations of overhead stars, it is well to point out 
that the most modem ship afloat today goes from dusk to dawn, even 
though the sky be filled with glittering stars, without being able to 
determine its position by those stars unless, on a rare occasion,' 
moonlight enables the horizon to be seen. 

The Polynesians, on the other hand, were not tied to the horizon, 
and made no use of it; they were not restricted as we are and their 
system enabled them to use the stars all night long. 

The Polynesian method of overhead stars is particularly suited 
for present day use in rafts or life boats. 

As we have said before, the problems of the Polynesians were 
identical with those of people in small craft on the high seas. 

No other method has been devised which is so practical for ap* 
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proximate navigation especially in tropical regions where clear 
skies at night are the rule rather than the exception, and where 
modern precision navigating instruments are either lacking or un¬ 
usable. For this reason, we have brought the Polynesian methods 
back to life, with certain improvements. 

It has been recorded that accomplished Polynesian navigators 
had names for 150 stars, knew their positions, knew the position 
where they rose, and the time they rose at different seasons of the 
year; knew which islands they passed over and could direct their 
course at sea by them from island to island. 

This required long years of learning, which time we are not pre¬ 
pared to spend in this way. The native navigators were restricted to 
a knowledge of the stars passing over islands with which they were 
familiar. 

To obviate the necessity of remembering these positions, the stars 
have been superimposed in red on the world chart, with the stars in 
their proper positions relative to one another and the earth, for a 
certain date and time. To make up for our lack of time sense, a 
pocket watch should be carried set to Greenwich time. In this way, 
the Greenwich Date and Time Tape can be used to find your posi¬ 
tion on the earth by means of the star which is directly overhead at 
the time showing on your watch. 

This is the only stellar method of navigation yet devised in which 
the observer does not need to know the name of the star he is using 
as long as he is able to recognize the star on the Combined World 
and Star Chart. 

Another advantage is that you do not need any instruments to 
measure the height of the star above the horizon. 

If you do not have a watch running on Greenwich time, you are 
still able to obtain your latitude. Included in this book are star dia¬ 
grams to help you recognize the general design of the principal con¬ 
stellations or groups of stars so that you may pick out overhead stars 
which are in their general vicinity. 

Further details of these overhead stars and their movements will 
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be found in two subsequent chapters entitled, “How Far You Are 
North or South” and “How Far You Are East or West.” 

In addition to the stars overhead at their destinations the native 
navigators of the Pacific used “Steering Stars” which method is dis¬ 
cussed on page 117. 

☆ ☆ ☆ 

HOW TO RECOGNIZE THE STARS 

In order to recognize the principal stars visible in the night sky, the 
Ancients divided them into groups which, with a little imagination, 
appeared as designs of people, animals, birds, fish, etc., and they 
named these groups or constellations accordingly. It takes quite a 
stretch of the imagination to see some of the designs as they pictured 
them. 

So that you will not be lost in a maze of stars, which, at first sight, 
look so much alike, it will be helpful to recognize the groups in a 
pattern. These patterns include the brightest stars in all parts of the 
heavens. From these neighboring constellations you will be able to 
identify any other star by taking its direction and position from stars 
in nearby groups. 

In the accompanying diagrams the principal star groups or con¬ 
stellations are shown in such a way that if you will follow the dotted 
lines and form these pictures in your mind, the imaginary connec¬ 
tion between certain of the principal stars will enable you to recog¬ 
nize them both in the heavens and on the Combined World and Star 
Chart. 

It is important when using the red star chart, which is superim¬ 
posed on the face of the world chart, that these stars are plotted 
according to a view from above them and not from where you are 
below them. 

This is necessary as the stars are projected upon the earth for our 
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method of position finding. If you wish to view the stars as nearly 
as possible in the way they appear in the heavens, you may turn to 
the back of the world chart where the stars are shown in white on 
a black background, and which appear as viewed from the earth. 

If you forget that the stars plotted in red on the world chart are 
viewed as from above them, you may make a serious error in pick¬ 
ing a star on the wrong side of a prominent star or constellation and 
which will result in a very great error in your longitude. 

For the methods of using the stars as outlined in this book, it is 
not necessary to be able to remember the names of any of the stars, 
but of course it is an advantage to become familiar with them. 

If you have difficulty in locating your overhead star on the star 
chart you can determine its angle, by hand measurements or by the 
Harp, from some prominent or recognizable star and mark this 
distance off from it in the proper direction on the star chart. 

In addition to recognizing the stars from patterns it will be useful 
to realize that the color of certain stars will identify them even if the 
rest of the sky is clouded over. This is particularly so if the star’s posi¬ 
tion in the sky is also taken into consideration. The distinguishing 
colors of certain stars are as follows: 

Antares, Aldebaran and Betelgeux—reddish. 

Arcturus, Procyon and Pollux—yellowish 

Vega and Altair—bluish-white 

Capella, Canopus and Sirius, and a number of other stars 
are brilliantly white. 

The eight diagrams include constellations covering all parts of 
the sky and include two of stars around the Poles. The stars making 
a complete revolution around either Pole above the horizon are 
called circumpolar stars, and it depends how far you are from the 
Equator as to which ones completely revolve above your horizon. 

It is important that you become familiar with the stars in the two 
polar diagrams, especially as these trill not be found on the world 
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chart or on the star recognition chart on the back of it. The 
world chart is on a Mercator projection, and it is not practicable to 
extend this beyond 70° latitude. 

T he diagrams of the stars around the Poles on plates 20 and 21 
will be valuable for directional purposes. 

In observing the heavens you will see in various parts of the sky 
very bright star-like bodies which must not be confused with the 
stars. These are the planets, of which there are four bright ones, 
Venus, Mars, Jupiter and Saturn. Unless you recognize these as 
planets you may become confused in trying to find them on the 
star chart. They are not shown on this chart, because their move¬ 
ment is different from that of the stars. It is very difficult to keep 
track of the position of the planets in the heavens without compli¬ 
cated tables. In the methods included in this book the planets are 
not used. 

To avoid confusing planets with any of the bright stars in the sky, 
the following points may be useful: 

At sea level stars usually twinkle, but planets shine with a steady 
lustre. 

Planets are all overhead of points on the earth within 30° North 
and South of the Equator. 

Venus, a brilliant planet, is always near the sun, either ahead of it 
or behind it, and never more than 47°, or 3 hours from the sun. This 
means that Venus is always seen before or after sunrise or before or 
after sunset. 

Venus may frequently be seen throughout the daytime if you 
know where to look for it. 

Mars may be recognized from its color, which is ruddy. 

These wanderers in the heavens can best be identified by watch¬ 
ing their position each night when they will be seen to have moved 
in relation to the stars around them. 
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DIRECTIONS FROM THE STARS AND MOON 


In the Northern Hemisphere on a clear night, the easiest way of find¬ 
ing your north point is by the Foie Star. The star diagram on page 
101, will assist in locating this star. 

If the Pole Star is not visible, or you cannot identify it, look for the 
point in the heavens around which the stars are pivoting in small 
circles; this will be True North. 

T he following are four ways of finding the North Pole of the 
heavens: 

Refer to the star diagram of the north polar area on page 101. 
Look for the two pointers in the Big Dipper. From a point midway 
between Merak-and Dubhe measure through Dubhe two “thumb 
and middle linger" spans of 15 0 and this will be the position of the 
Pole Star. 

On a continuation of a line from Arcturus through Benetnasch, 
measure three similar spans from Benetnasch and this will give you 
the position of the North Pole of the heavens. 

The Pole Star can also be found two spans of 15 0 from Ruchbah, 
in the constellation of Cassiopeia, towards Mizar, which is in the 
handle of the Big Dipper. 

The constellation of Cassiopeia appears as a “W,” the top center 
of which points towards, and is two spans of 15 0 away from, the Pole 
Star. 

With a clear sky you can distinguish roughly the eastern horizon 
by watching where the stars suddenly appear above it; and the west¬ 
ern horizon by where the stars are sinking below' it. In these parts of 
the horizon the movement of the stars is most easily noticed. 

If you are in the Northern Hemisphere you can determine True 
South from the stars, even if you cannot identify any of them, by 
finding the part of the horizon where the stars low- down are moving 
directly horizontally to the right. You will not have to look very long 
to recognize which way the stars are moving, and you can take the 
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central point of these low stars moving in a short flat arc as True 
South. 

Similarly in the Southern Hemisphere, stars low down on the 
northern horizon move fairly horizontally, and provided it is a 
clear night you should have no difficulty in finding the north point 
in this manner. 

Near the Southern Cross you will note two bright stars known as 
“The Pointers.” Two “middle finger to thumb” spans, which will be 
equal to one-half the distance along a line towards Achernar, from a 
point closer to the Southern Cross than the near Pointer, will give 
the position of the South Pole of the heavens. The Southern Cross is 
visible anywhere in the Southern Hemisphere and as far as about 
25 0 North of the Equator. 

When you are near the Equator, the best indication of true direc¬ 
tions will be from the east and west points of the horizon, where 
stars rising directly east of you will rise vertically, and after passing 
directly overhead will drop directly into the western horizon. At all 
other points of the horizon they appear from the observer to arch 
away from the vertical. 

If the brightest and most beautiful constellation of Orion is vis¬ 
ible, you will see from the diagram on Plate 24 that a continuation 
from Saipli through Betelgeux will give you an approximate north 
and south line. It is also important to remember that the northern 
one of the three stars of Orion’s Belt is practically over the Equator. 
Orion rises on its side due east, irrespective of what latitude the ob¬ 
server may be, reaches its highest point in the heavens over the Equa¬ 
tor, and sets due west. Seven hours after Orion has passed overhead 
the Southern Cross will be seen far to the south in its highest posi¬ 
tion and can be used as previously described. 

Stars rise and set at the same points on the horizon for any one 
latitude of the observer, but rise and set approximately four minutes 
earlier each night. 
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A star rising due east of you does not pass directly overhead unless 
you are at the Equator. 

The amount of tilt in the path of a star depends upon your lati¬ 
tude. This is illustrated in the three diagrams on the facing page 
which show the paths of stars as seen by an observer at different 
latitudes. 

For an observer standing at either Pole, stars will revolve in small 
circles above him and in gradually widening circles parallel to the 
horizon. 

The North Pole Star is not visible at sea level at any time more 
than one degree south of the Equator. In the southern sky, unfor¬ 
tunately, there is no South Pole Star from which to orient yourself. 

In the absence of a compass, or even as a means of checking a 
compass, a convenient method of determining True South is by 
observing the Southern Cross. This well-known constellation ap¬ 
pears nearly upright when it reaches its highest point and an ob¬ 
server facing it is looking very nearly directly south, with his right 
hand to the west, his left hand to the east and his back to the north. 

The aforementioned rules are for determining the cardinal 
points, North, South, East and West, and to use these the observer 
does not need to know his geographical position. 

For obtaining directions from any other stars for the purpose of 
checking the compass or for leading one to a desired destination, 
it is necessary to know your position on the earth. 

Provided the observer knows his approximate location, he may 
find the direction of a star by the method given on pages 112-116' 



PLATE 25 



PATHS OF STARS FROM RISING TO SETTING 
WITH RESPECT TO THE OBSERVER S HORIZON 



Observer 25° North of the Equator 















EAST 


WEST 




First quarter moon at highest point (north or south) as sun is setting 


Full moon always at its highest point (north or south) at midnight 


Last quarter moon always rises at midnight 


Last quarter moon at highest point (i.e., directly north or south) at sunrise 


Old crescent moon (waning) rises at dawn just before the sun 


New crescent moon (waxing) always close behind the sun 


'When the full moon is setting the sun is always rising 












WHAT THE MOON CAN TELL YOU 


Since the part of the moon that you see is a reflection of the sun, 
much can be learned from it as to direction and time at night. 

A line through the horns of a crescent moon will always be at right 
angles to the sun, and a line through the axis will lie more or less 
north and south. A perpendicular from the mid-point of the line 
joining the horns of the moon will point through the bright portion 
to the position of the sun whether above or below the horizon. 

Approximate time at night may be estimated from the moon. 
For the simplest case, a full moon, always directly opposite the sun, 
will be rising as the sun is setting. It will reach its highest point at 
midnight and will be setting as the sun is rising next morning. An 
increasing half moon one week old (termed “First Quarter”), will 
rise when the sun is overhead and will be seen overhead at sunset. 
A decreasing half moon, 3 weeks old (termed “Last Quarter”) will 
rise at midnight and reach its highest point at sunrise. 

You can estimate the age of the moon by the shape of its shining 
area, as it takes 7 days for the moon to grow from the finest crescent 
to a perfect half moon; 7 days more to a completely full moon; 7 
more to wane into an old half moon; and 7 more to diminish to a 
new moon again. Since the moon reaches approximately the same 
position in the sky 49 minutes later every night, consideration of 
this fact will give you a means of estimating the hour on clear nights 
at any time when the moon is visible. 

If you are familiar with the face of the moon as seen from the 
region in which you have spent most of your life, you will note at 
once when you find yourself in a different latitude that the recog¬ 
nized features are tilted. At the Equator, the moon will rise sideways 
and remain on its side throughout the night. When the moon is well 
north of you, as it is in the Southern Hemisphere, it will seem upside 
down to people from the north, just as all heavenly bodies will seem 
in the Northern Hemisphere to people from the south. 
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CHECKING OF THE COMPASS BY DIRECTION STARS 


It is assumed that by the methods subsequently outlined in this 
book, by the duration of the day, the height of the sun at noon, or 
by the overhead star method, we know approximately where we are. 

As long as the stars are visible, we are able to determine the true 
direction of any of them, for checking the compass or for using them 
as guides to the desired destination. Consider for a moment that the 
stars are held stationary, as they appear in red on the world chart. 
By drawing a line from the observer’s position to the destination, 
and extending the line beyond the destination, a choice of stars 
which may be used as a guide to the destination may be seen on or 
near this line. 

The stars are actually moving westward, keeping the same rela¬ 
tive positions towards one another and keeping the same latitude. 

The stars have been superimposed on the world chart for a cer¬ 
tain date and time. It is extremely unlikely that they will be in their 
true east or west position at the date and time of your observation. 
A Greenwich Date and Hour Tape has been provided, so that the 
exact position of the stars may be determined for your date and 
time. There are four marked edges on this tape, two outside and two 
inside, in addition to the folded edge. The folded edge is divided 
into hours and minutes of Greenwich civil time, each small division 
being four minutes. By using the correct edge for your year as desig¬ 
nated on the tape, the following method may be used for a long 
number of years to come without appreciable error. 

In the first edition of this book, the stars, instead of being super¬ 
imposed on the world chart, were printed on a transparent sheet, 
which was actually moved westwards over the world chart according 
to the date and time. It was then clear to the user that the stars 
remained the same distance from one another and moved exactly 
westward, passing over the same islands night after night and year 
after year. This was a modern application of the Polynesian methods. 
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There were a number of disadvantages in the use of this trans¬ 
parent star chart especially in rafts or life boats, so that a tape has 
been devised to use in conjunction with the Combined World and 
Star Chart to accomplish the same purpose in a simpler way. By 
means of the tape, we could relocate every star in its proper over¬ 
head position on the earth. It is, in fact, what will be done in a later 
chapter in determining our position by an overhead star. It would 
not be practical to move every one of the stars that we may need 
for directional purposes. We will follow the simpler procedure of 
moving our position eastward under the stars, so that for the Green¬ 
wich date and time as shown on the watch, the stars are all in their 
proper relationship to the observer. 

Assume the observer’s position to be near the eastern end of the 
island of Vanua Levu in the Fiji Group. The same location and the 
same date as given in the frontispiece will be used. We wish to check 
the compass by any of the stars around us. 

By means of the tape, the observer’s position will be moved east¬ 
ward among the stars until the stars are in their correct relationship 
to the observer’s position. In using the tape, it will be more accurate 
and convenient to do so along the nearest horizontal line (parallel 
of latitude) which, in this case, is 20° of South latitude. 

In the confined space of a small craft at sea, it will be impossible 
to keep the entire chart flat. It is recommended that, in order to use 
the tape, the chart be folded lengthwise into a narrow band of suf¬ 
ficient width on either side of the observer’s latitude. This would 
mean a strip about 43 inches long and about 4 inches wide. In using 
the tape with the chart it will be found quite easy to bend the chart 
over the knee and use the tape with it in this manner, bringing them 
into conjunction several inches at a time. If a little care is taken, 
the tape may be aligned the full length of the chart, a little at a 
time, with a very small loss in accuracy. 

Using a protractor or the square edge of a piece of paper, draw a 
line directly north or south (in this case south) from the observer’s 
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position to the nearest parallel of latitude (in this case, the 2 0 ° 
parallel of South latitude). Take the folded edge of the tape on 
which Greenwich hours and minutes are printed in red. The time 
used in the frontispiece is 3 minutes after midnight, local time. Local 
time does not actually concern us for our watch is set to Greenwich 
time; the Greenwich time, in this case, being 12 hours and 3 minutes. 

Place the folded edge of the tape horizontally along the 20° 
parallel of latitude with 12 hours and 3 minutes at the point you 
have marked north or south of your position. Mark the point on 
the parallel of latitude that coincides with Zero Hours on the right 
end of the tape. If the zero mark extends beyond the inner edge 
of the right hand latitude border scale (which is not so in this ex¬ 
ample), put a mark on the tape where it crosses the inner edge of 
the border scale and continue with this mark on the tape against 
the inner edge of the left hand border scale. This will be your east 
and west position in relation to the stars at 0 hours (last midnight) 
Greenwich time on January 1, 1944. 

Take the edge of the tape containing the correct year, month and 
Greenwich date. Place your date against the last mark that you have 
made on the parallel of latitude. Keeping the tape again aligned 
with the parallel of latitude, proceed to the right and mark the 
point on this parallel that coincides with the zero mark on the right 
end of the date scale. If the zero mark comes beyond the inner edge 
of the right hand border scale (as in this case), put a mark on the 
tape where it crosses this edge and continue with this mark against 
the inner reference edge on the left of the chart. 

Keeping the tape aligned with the parallel of latitude, place a 
mark on the parallel of latitude that coincides with the zero mark 
at the right end of the date scale. For convenience and accuracy in 
stepping off the date and hours in an easterly direction, we dropped 
a line to the nearest parallel of latitude. We must now go north or 
south (in this case north) an equal distance , using a protractor or 
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the square edge of a piece of paper. The example should put us 
directly underneath the star Sirius. 

Since we are only concerned with our position in relation to the 
stars, disregard entirely the apparent geographical position in which 
this places you. You will recall that instead of moving all of the stars 
around to the west by means of the tape, we have moved our posi¬ 
tion eastward in relation to the stars. 

Once we have performed this operation and have found the ob¬ 
server’s position in relation to the stars for a given date and time, 
we do not need to use the tape the full length of the chart for any 
later calculations. We merely move this position exactly eastward 
using the folded hour scale for the number of hours or minutes 
since the first operation. 

Using a protractor, we may now proceed to determine the direc¬ 
tion of any star for the purpose of checking the compass. 

In using stars for checking the compass by this method, it should 
be realized that the actual direction of a star is only a straight line 
on a Mercator Chart when it is east and west on the Equator, or 
north and south anywhere in the world. The bearing of stars in 
any other directions will be sufficiently close for your purpose, with 
the exception that in latitudes greater than about 40 0 bearings of 
stars in an easterly or westerly position should be avoided unless 
they are high in the heavens. 

That which will apply at any place on the earth’s surface is to 
pick from the chart a star directly north or south of you, and the 
lower it is in the heavens the easier it will be to use. In equatorial 
regions, stars at any height, East or West, North or South, may be 
used and precise results may be obtained. 

After recognizing a star, take a bearing of it by your compass. 
With a little practice this may be done quite accurately by eye. 
Holding the arm and hand outstretched with the palm vertical and 
the fingers in line with the sighting eye and star, a succession of 
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downward sweeps of the eye and fingers from the star to the center 
of the compass will give all the accuracy that a sighting device 
would give you. 

After choosing your star and taking its bearing by compass, draw 
a line on the chart from your position to the star and with the pro¬ 
tractor measure its angle with True North. The difference between 
the bearing by the compass and the bearing of the star on the chart 
from your position will be the total error of the compass. This will 
include the error termed “variation” which is due to the offset of 
the North and South Magnetic Poles. It will be well to consult the 
variation chart of the world in the upper left portion of the world 
chart to find how much of this is due to the offset of the Magnetic 
Poles and how much is due to the metal in your craft. 

If the bearing of a star by compass is a less number of degrees 
(using a 360° circle) than the bearing of the star on the chart, the 
error is easterly and, in order to find the course to steer by compass, 
it is necessary to subtract it from the true course to the destination 
as measured on the chart. 

If the compass bearing of a star is a greater number of degrees 
than the true bearing of the star on the chart, the error is westerly. 
To allow for this error add this angular difference to the true course 
to obtain the compass course. 
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STEERING BY THE STARS 


“If thou,” he answered, “follow but thy star, 

Thou canst not miss at last a glorious haven” 

DANTE 

The native navigators in the Pacific were not limited to the use of 
stars overhead of their destination. It will be realized that, even 
though the heavens seem to be filled with stars, there are occasions 
when no overhead star is visible at the particular time that it is 
needed. At such times, the Polynesians used a steering star which 
was in line with their destination, either between their positipn 
and the island or beyond it. 

Imagining for a moment that the stars are held still, there will be 
a considerable choice of stars in a direct line with the place to which 
we are sailing. These stars will be in a different band of latitude 
and will not pass over the destination. However, for the moment, 
they act as signposts in the heavens. If the stars remained stationary, 
we could follow them exactly as we do street lights. Even though 
they are actually moving, if we pick one of these stars to steer by 
and know its movement each hour, we are able to keep a straight 
course by taking into account this movement and by steering an 
increasing or decreasing amount to one side of it, according to 
whether the star is moving away from the destination or towards it. 
We do not need to guess how much to steer to one side of it, if we 
move our position in relation to the stars as described in the last 
chapter. By following this procedure we are able to measure the 
angle at any time between the destination and the present position 
of the star. After the star moves to a point where it is no longer 
practicable to steer a course relative to it, another star may be 
chosen. There will be a considerable choice of stars in line with 
the destination, either on your side of it, beyond the destination, 
or even behind you. 

This method, on a clear night, makes the compass an added lux- 
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ury; in fact it will be found easier at night to steer by a star than 
by looking down at a small and probably swinging compass. 

It will be particularly valuable to use the hand measurements 
that we have described in an earlier chapter to the left or right of 
the star to steer a regular course. In order to find the best steering 
star to use as a guide to the destination, follow the procedure out¬ 
lined in the last chapter in determining the present position of 
the observer in relation to the stars. The method of choosing the 
steering star which will act as a guide to the destination is illus¬ 
trated in the following example. 

Let us assume that our actual geographical position is near the 
northeastern tip of the island of Vanua Levu in the Fiji Group. We 
wish to sail to Guadalcanal. On the world chart, draw a course line 
between these two points and, as previously explained, measure 
the angle that this course makes with True North. Using the edge 
of a piece of paper, mark on it the equivalent distance. As outlined 
in the last chapter, find your position in relation to the stars for 
the Greenwich date and time. We will assume the Greenwich date 
and time to be January 1, 1944 — 12 hours and 3 minutes. This ex¬ 
ample puts us directly underneath the center of the star Sirius. Put 
a pencil mark at this point and write against it the Greenwich date 
and time. Draw a line from this point at the same angle with True 
North that Guadalcanal was from your actual position near Vanua 
Levu. Extend this line the same distance that you marked on the 
edge of the piece of paper. This is the position of the destination in 
relation to the stars on the same date and time. Alongside this point 
also write the date and time. Extend this line beyond Guadalcanal 
and behind you, at any distance you wish. You may then choose a 
convenient star anywhere along this line, either behind you, be¬ 
tween yourself and the destination, or beyond it, to use as a guide 
to lead you to your destination. 

The stars are continually moving westward so that we cannot 
follow a star for any considerable length of time. It will be neces* 
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sary to change stars or to use hand measurements to one side until 
your guiding star moves too far away. 

We can readily see when to change stars and which other stars 
to use by stepping off the passage of time on the folded edge of the 
tape in a true easterly direction from both our star relation posi¬ 
tion and that of the destination by this same amount. In other 
words, one hour later than the time we used in the example, the 
point we marked as our 12 hours 3 minutes position relative to the 
stars will be moved one hour by tape measurement exactly to the 
east or right of that position on the chart. The star relation position 
of the destination at 12 hours 3 minutes will be moved exactly east 
by one hour of tape measurement. It becomes a very simple matter 
then to move these two positions eastward at frequent intervals and 
to pick new steering stars. If there is no convenient star actually in 
line, a protractor will show what angle you should steer from a 
nearby star to give you the same result. 

The more nearly north or south you are sailing, the more often 
you will need to change your guiding star, but when you are sailing 
nearly east or west, especially near the Equator, the change in angle 
will be small. 

It will always be found much easier to steer by a star low on the 
horizon. Positive accuracy in steering by stars very low on the hori¬ 
zon may be obtained on courses east or west near the Equator, and 
on courses nearly north or south anywhere in the world. On courses 
other than these, greater accuracy will be obtained by using stars 
higher in the heavens. It will be recalled that the direction of a star 
is not actually a straight line on a Mercator Chart except in the 
aforementioned circumstances. 

All the accuracy required in steering by the stars will be obtained 
on any course between points w"hich are between 30° North latitude 
and 30° South latitude. Sufficient accuracy will be obtained on a 
course anywhere in the world even in high latitudes when such 
courses are within about 30° either side of North or South. In fact, 
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the only place where caution will be necessary is on an east or west 
course in latitudes nearer the poles than 40 °. Even in this case it 
will be quite safe if a star high in the heavens is used. As there are 
no seas of any great extent in high northern latitudes and if we ob¬ 
serve the precaution of choosing stars high in the heavens, steering 
by the stars even in these regions will be quite practical. 

If you have no watch set to Greenwich time, you can still pick 
stars to follow to your destination. The procedure in this case would 
be to steer a course by compass if you have one, or by a direction 
obtained by the rules given for finding North, South, East, and 
West from the stars, and steering a course definitely to one side of 
the destination. Note which stars have the same latitude as the des¬ 
tination. On reaching this band of latitude along which these stars 
are passing, you may follow them in to the destination in an east or 
west direction. 

As long as the heavens are clear, you can find your way anywhere 
on any ocean by following the stars; thus giving a more literal mean¬ 
ing to Emerson’s advice, “Hitch your wagon to a star.” 

It is believed that this simple Polynesian method of chasing stars, 
the knowledge of which has been buried for several centuries, is a 
most practical one for the navigation of rafts or lifeboats, and an 
adaptation of it might well be used in up-to-date marine and air 
navigation. 

The legends of the Polynesians are full of interesting information 
regarding the direction stars used in sailing to certain islands. One 
ancient Maori lament describes Rigel as being the direction star 
which one navigator used sailing to Rarotonga, and Castor as being 
a direction star for Hawaii. Other accounts list the stars used dur¬ 
ing the long voyage of the Maori fleet, which took place about 135° 
a.d. from Tahiti to New Zealand. 

The biblical reference to the Star of Bethlehem would seem to 
indicate a still earlier knowledge and use of “overhead” or “direc¬ 
tion” stars. 
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directions from the sun 

“Now do I lay the bows of my canoe 
To the rising of the Sun, nor deviate from there 
Straight to the land, to the Fatherland” 

ANCIENT MAORI KARAKIA 

In the process of finding the path to land, it is very necessary to know 
in what directions North and South lie; in other words, to orient 
oneself with respect to the horizon or the customary points of North, 
East, South and West. 

For some time after sunset, the western sky near the horizon will 
be lighter than the rest of the sky, and during the early morning the 
eastern sky will be brighter. Of course, this would only give you a 
general idea of east and west, because in whatever latitude the ob¬ 
server happens to be, the sun only rises due east and sets due west 
on March 21 and September 23. In high latitudes refraction will 
cause a very slight variation. 

At other times of the year the directions of sunrise and sunset 
depend upon the latitude of the sun and the observer’s latitude, but 
will not be due east and west. Even though the noon sun is south of 
you, it may rise north of east, and of course, set an equal amount 
north of west. 

In Arctic and Antarctic regions the sun may be above the horizon 
all the time, in which case take the lowest point and the highest 
point judging from shadow or from the sun itself—and at these times 
it will be True South or True North according to the hemisphere 
in which you are. 

Directions of the sun at sunrise and sunset for your date and your 
latitude are given in Table E on the sheet of tables accompanying 
the book. 

One table is for latitudes south of the Equator, and one is for lati¬ 
tudes north of the Equator. The directions of sunrise and sunset 
given in these tables (marked Table E) are for the time that the top 
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of the sun just shows above the horizon at sunrise and when its top 
disappears at sunset, and are for an observer whose height of eye is 
four feet above sea level. Except in very high latitudes it will be suf¬ 
ficient to take the nearest date and nearest latitude, as it is only when 
nearer the Poles than 6o° latitude that any considerable change oc¬ 
curs between dates and between latitudes. 

Knowing the direction at these times and the height that the sun 
will be at noon in your latitude, in the tables adjoining the sunrise 
and sunset directions, you can estimate roughly the direction of the 
sun between sunrise and noon and noon and sunset, if you know 
what kind of an arc the sun will make in the sky at your position. 

If the duration of the day is given in the tables as 12 hours, the 
sun will reach its highest point in 6 hours, and from there to sunset 
it will take another 6 hours. 2 hours after sunrise it will have moved 
about y 3 of the way along its arc toward noon. 


CHECKING OF THE COMPASS BY DIRECTION OF THE SUN 

In addition to the tables mentioned above, which give the direc¬ 
tion of die sun at sunrise and sunset throughout the year and by 
which the compass may be checked at these times, other means of 
obtaining the direction of the sun during the day are provided. 

In place of the tables of directions of the sun for all latitudes and 
times of the year, which are too bulky for use on small craft, a 
method has been worked out so that the true bearing of the sun 
during die day may be obtained directly from the world chart. We 
are indebted to Swift for the suggestion as to where to place this 
scale. He penned these lines: 

“So geographers, in Afric maps, 

With savage pictures fill their gaps. 

And o’er unhabitable downs 
Place elephants for want of towns." 
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As a raft or lifeboat has no business in the interior of Africa, we 
have used this area on the world chart for a scale showing the lati¬ 
tude of the sun for each day throughout the year. 

Knowing the date at Greenwich and the time at Greenwich, the 
position where the sun is overhead may be plotted on the chart. This 
is measured by looking for your date on the scale of latitude for the 
sun, and when that particular day is not shown, taking the propor¬ 
tion between the nearest dates given. This will be the latitude of the 
sun for that day. 

Take a piece of paper and mark on the edge how far this is north 
or south of the Equator. The time shown on the watch is from mid¬ 
night at Greenwich. We know that the sun is directly south of 
Greenwich at 12 hours Greenwich time or noon at Greenwich. 

If your watch reads 16 hours from midnight it means that the time 
is four hours past noon at Greenwich, and the sun must be four 
hours (6o° at 15 0 per hour) to the west of the Greenwich meridian. 
You then go along the time scale on the upper edge of the chart until 
you come to 4 hours. This is the longitude of the sun at 16 hours 
Greenwich time. You drop vertically to the latitude that you have 
marked on the piece of paper and this will fix the geographical loca¬ 
tion of the point on the earth where the sun is overhead. Then plot 
your approximate position and draw a line from it to the position of 
the sun. You may then measure by means of the protractor the true 
direction of the sun with respect to North from your position. 

If you have a compass, you may check your compass by this 
method. 

If you have no compass you may steer by this means whichever 
number of degrees you wish to the left or right of the sun. 

The direction of the sun by this method is only exactly correct 
when the sun is approximately north or south of you anywhere in 
the world, or east or west of you near the Equator. The direction of 
the sun is a great circle, which as has been explained before, is the 
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shortest distance on the globe. A straight line on the chart is not a 
great circle unless it is a north or south line anywhere on the earth, 
or an east and west one on the Equator. 

As long as the sun is reasonably high, it will make little difference 
for your purposes in any direction in any part of the world. 

DIRECTIONS FROM A POCKET WATCH 

A method of finding the north and south points commonly used 
and trusted, especially by youthful explorers, is by means of a pocket 
watch. 

Just in case you have not heard of it, you are supposed to hold 
your watch horizontal, with the hourhand turned to the sun. If you 
are in the Northern Hemisphere, a line midway between the hour 
hand and 12 is then taken as South. In the Southern Hemisphere, 
this point is to be taken as North. Your watch must be set, of course, 
on local time. 

It is a great pity to destroy illusions, but it is necessary here be¬ 
cause the apparent simplicity of this method may give you a very 
wrong impression as to its accuracy. 

There are times and places where such use of the watch will be 
reasonably correct, but there are others where serious errors will 
result. It is hard to understand how a rule which may be as much 
as 24 0 in error has become so universally accepted as reliable. 

The watch method is, of course, entirely impractical in such 
situations as: 

At the North or South Poles where every direction is South or 
North, respectively; and anywhere near the poles where the change 
of local time between any points directly east and west will be 
excessive. 

In latitudes between 40 0 and 60 0 North or South of the Equator 
at certain times of the year the result will be somewhat close. But 
the corrections necessary, even for these latitudes, make the method 
too complicated to be of any practical use. 
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The only times when no correction is necessary are at sunrise and 
sunset on March 21st and September 23rd, and on any day at any 
place at noon when the sun will be directly north or south, but then 
only if your watch happens to be running on accurate local time. 

☆ ☆ ☆ 

HOW FAR YOU ARE NORTH OR SOUTH 

In order to fix a position on the surface of the earth, we need to know 
two things: latitude and longitude. They may be likened to the way 
you describe a position in a city, that is, by the intersection of two 
streets. You may be anywhere along one street, but where this crosses 
another fixes your location, such as Main Street and Broadway. 

Latitude is measured from the Equator, which is an imaginary 
circle around the earth at equal distances from the North and South 
Poles. Latitude is measured in degrees north and south from o de¬ 
grees at the Equator to 90 degrees at the Poles. Each degree is 60 
nautical miles. From this it can be seen that the distance from the 
Equator to either Pole is 90 x 60 which equals 5400 miles. Latitude is 
given as so many degrees and minutes north or south of the Equator. 
As previously mentioned one minute of angle is a 60th part of a 
degree and is equal to one nautical mile. 

We will describe four methods by which you can find your lati¬ 
tude and all of them, I believe, you will find quite easy. 


LATITUDE BY THE POLE STAR 

The Pole Star is visible anywhere north of the Equator and pro¬ 
vides a very easy means of obtaining latitude. 

In the chapter “Measurement of Angles” we described the Harp. 
If. after sunset or at dawn, when the stars and the horizon are visible, 

[ 12 5 ] 



or on moonlight nights when the same condition exists, we take the 
Harp and with it measure the angle of the Pole Star above the 
horizon, this angle will be the approximate latitude north of the 
Equator. 

The Pole Star does not exactly coincide with the True North Pole 
of the heavens, but describes a small circle around it. When the 
Pole Star is in the same horizontal position as the True North Pole, 
its height above the horizon will be exactly your latitude. When it is 
at the top or bottom of this small circle, there will be an error of i°, 
or 60 min., equivalent to 60 miles. With the sun and stars a differ¬ 
ence of one minute in height is equivalent to one mile in distance 
on the surface of the earth. 

An observer one mile nearer the sun or star than you are will meas¬ 
ure an angle one minute greater than you do. An observer one mile 
farther away from the sun or star will measure an angle one minute 
less. 

The accompanying diagram illustrates that the height of the Pole 
Star is equivalent to latitude. Navigation tables contain corrections 

for the amount that the Pole 
Star is in error. For our purposes 
this is hardly necessary, as this 
error may be approximately de¬ 
termined in the following man¬ 
ner: 

Look at the star diagram for 
the north polar area on page 101. 
At the end of the handle of the 
Big Dipper you will see Alkaid 
(also called Benetnasch). When 
this star is directly below the Pole Star, the Pole Star is on the top 
of its circle, and to obtain your latitude at this time you must subtract 
i° from the height you measure. 

When Alkaid is in a horizontal line with the Pole Star on either 
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side of it, the correction is nil. In between these positions you may 
allow a proper proportion. 

Another method is by the star marked e Cassiopeia and it can be 
used similarly. When it is above the Pole Star, the correct latitude 
tnay be obtained by subtracting i 0 from the height you measure; 
when it is below it is necessary to add i°. 

If you do not have the three-foot length necessary for making the 
Harp, you can resort to hand measurements as described earlier. 
The Pole Star is not a particularly bright one and there are many 
times, due to obscuring clouds, that it will not be visible. Do not be 
discouraged if circumstances render this or any other one method 
unusable. There are other ways and you can bide your time until 
you can use one of them. 

LATITUDE BY THE HEIGHT OF THE SUN AT NOON 

A simple table has been constructed for your use and is included 
in Table A, which will be found on the sheet of tables accompany¬ 
ing the book. 

To obtain your latitude by this method your watch is not neces¬ 
sary. As the sun is approaching its highest point for the day take con¬ 
tinuous measurements of its height with the Harp. There is no need 
to continually refer to the scale to see what angle it is, but as the sun 
continues to rise, the tip of the thumb which is holding the stick will 
be gradually moved up the stick in order to keep it in line with the 
top edge of the sun and the eye. 

Move the thumb tip along the stick until you realize that in order 
to keep it in line with the top edge of the sun your thumb will need 
to be moved down. This will be the maximum height of the sun for 
the day. You can then measure the angle by placing the stick along 
the “Harp Scale” on the bottom of the world chart. 

Entering Table A and looking for the nearest day to your date, go 
horizontally until you find the nearest noon height to the one that 
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you have measured. The latitude will be found at the top of th e 
column. This may be determined more closely by taking a propor¬ 
tion between the dates shown giving the exact noon height for your 
date and using the same method of proportion with the noon height 
in the next column of latitude. 

Obtaining latitude from the noon height of the sun will be found 
difficult when the sun is between 85° and 90° in height. This is true 
even with precision navigation instruments, because it is hard to de¬ 
termine the direction on the horizon from which to measure. You 
should also know whether the difference in noon height of the ad¬ 
joining latitude columns for the same instant is equal to the differ¬ 
ence in latitude. 

On some occasions between the tropics, cases will occur where the 
difference is not equal to the change in latitude, indicating that the 
sun has gone over the top. At these times one noon height will be the 
same for two different latitudes. Apart from these rare occasions the 
sun’s height at noon provides an easy and practical means of deter¬ 
mining latitude. 

LATITUDE BY THE POLYNESIAN METHOD OF 

OVERHEAD STARS 

The realization and application by the Polynesians of the con¬ 
tinued passage of the same stars over the same islands year after year 
provide a simple means of obtaining latitude at any time of the 
night without the necessity of having a watch or any mechanical 
means of measuring height. A watch is necessary for determining 
our position in an east and west direction, but is not necessary for 
latitude. In order to use the star chart it will be necessary to be 
able to recognize the principal groups of stars or constellations. 
For this reason, star diagrams have been given covering the main 
constellations. 

If the sky is clear about you, look directly overhead and pick the 
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nearest star to your overhead point. Find the next group of stars to 
it that you are able to recognize from the star diagrams or the star 
chart. 

Knowing a prominent constellation and seeing what direction 
this particular star is from it, you will be able to tell which one it is 
on the star chart. Whether or not it is named on the star chart does 
not matter. It will be easier to find on the chart if you will look along 
a line at your approximate latitude. The stars are superimposed in 
red on the world chart and to use them for our method of position 
finding they appear on the chart as viewed from above them. In 
order to see them as they appear from an observer on the surface, 
it will be necessary to turn to the back of the world chart where the 
stars are in white on a black background and are viewed as from 
below them. 

After you have found the position of the overhead star on the star 
chart, make sure that this star is actually overhead. You will find this 
quite easy in any small craft by remaining stationary and picking 
out the star you think is directly overhead and then either turning 
yourself or, what will be much easier, paddling the raft or boat in 
circles. You will usually be surprised when you turn 180 degrees and 
find that the star you thought was overhead you will almost break 
your neck to see. The height of a star is invariably underestimated. 
By turning yourself in this manner, you should actually be able to 
determine the point directly overhead to half a degree. Even if the 
sea is rough, by taking longer over the operation and judging it each 
time you think you are temporarily level, your results will be rea¬ 
sonably close. 

After you have found your overhead star and have recognized it 
on the combined world and star chart, you know that this is your 
latitude. Remember that this means that you are on a line some¬ 
where around the world at this latitude, but that it does not in 
anyway indicate your position in an east and west direction. To 
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find your position in an east and west direction, a timepiece is 
needed running on Greenwich time. This is explained in the chap¬ 
ter “How Far You Are East or West.” 

The method of obtaining latitude by overhead stars can be used 
on the darkest night when there is no horizon, and will require 
neither instrument, watch, nor even the Harp. One considerable 
advantage of the overhead star method is that you do not have to 
identify the star by name as long as you can recognize its position on 
the chart. 

Should there be no star directly overhead at the time of your 
observation, look for the star nearest to your overhead point. Deter¬ 
mine by methods previously explained, the north and south, and 
east and west points of the horizon. You are then able to judge 
whether the star will pass overhead or not, or which stars may 
shortly become overhead stars. 

If you find that the star nearest your overhead point is passing 
north or south of you, you may use hand measurements to deter¬ 
mine how many degrees north or south of your overhead point 
it is passing. If you find that a star is 5 0 directly south of the over¬ 
head point, your latitude on the chart will be 5 0 farther north than 
the latitude of the star. 

LATITUDE BY THE DURATION OF DAY 

For this method of getting latitud , you do not need to measure 
angles, but all you need is the table which you will find on the sheet 
accompanying the book, and a watch. What you are going to do is 
to determine latitude by the length of the day. 

It does not matter to what particular time your watch is set, but 
it is necessary to see the sun rise in the morning and set at night. 

The idea of getting latitude in this manner is very old, but this is 
the first time that it has been able to be put into practice, as tables 
suitable for its practical use have not previously been published. It 
is a method not suitable for steamships or aircraft, but it is most 
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valuable for rafts or life-boats whose distance run in about 12 hours 
of daylight is not very great and where a limit of error of six miles or 
so is of little consequence. 

Have your watch wound and running before sunrise and wait 
until the top of the sun is just showing in line with the horizon.Write 
down the time showing on your watch at this instant. When the sun 
is setting, wait until the top of the sun is again in line with the hori¬ 
zon and note again the time showing on your watch. Subtract the 
time at sunrise from 12 hours and add the time showing on your 
watch at sunset and this will give you the duration of the day. 

Knowing only the date and the duration of the day it is possible to 
determine the latitude. Look at the table for the particular hemi¬ 
sphere you are in, on the sheet provided with the book, and find the 
date on the left-hand side. If the exact day is not shown, take the 
nearest previous date shown. 

Random calculations show the average accuracy of these tables to 
be in the neighborhood of 6 to 10 miles. The tables may be used for 
a long number of years within reasonable limits of accuracy for 
emergency navigation. 

During leap years (such as 1944), a little more accuracy will be 
obtained by using March 1 for February 29. For March 1 and all 
subsequent days in a leap year, add one day to your date before enter¬ 
ing the tables. This will give durations within one minute of time. 

One side of the sheet of tables is for northern latitudes and the 
other side for southern. An example of the use of the tables is given 
on the side containing northern latitudes. If each step shown in the 
example is followed, no difficulty should be experienced in using 
the tables. 

Determination of latitude by duration of the day is not restricted 
to the duration between sunrise and sunset on the same day. If the 
sun is obscured when rising on the morning of one day, the time of 
sunset should be noted and the time of sunrise the next morning 
taken. Subtract the sunrise time from 12, add to the sunset time of 
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the night before, and this will give the duration of your day with 
sufficient accuracy. 

LATITUDE BY THE DURATION OF THE DAY CAN NOT BE USED WITHIN 
ABOUT A WEEK BEFORE AND A WEEK AFTER MARCH 21 AND SEPTEMBER 
23 BECAUSE AT THESE TIMES WHEN THE SUN IS CROSSING THE EQUATOR 
THE DIFFERENCE IN DURATION AT VARIOUS LATITUDES IS NOT SUFFI¬ 
CIENT TO GIVE ANY PRACTICAL RESULTS. 

It is recommended that around these dates, noon height of the 
sun, the Pole Star, or overhead star methods, should be used to ob¬ 
tain latitude. 

FINDING YOUR DESTINATION WITHOUT A WATCH 

As we have described, there are quite a number of ways of finding 
your latitude and which do not require a watch set to Greenwich 
time. 

If you have no watch, you are in a position similar to the European 
and American navigators who, up until about 1800 when chronom¬ 
eters became more common, were forced to navigate without a time¬ 
piece. They sailed the Seven Seas and most of them had no way of 
obtaining their longitude. 

What they did was to sail on a course well to one side of their 
destination, and when'they reached the latitude of their destination, 
they sailed due east or west along this latitude until they reached 
the place to which they were going. 

By setting a course to one side more than they could possibly be 
drifted, they knew very definitely which way to turn on reaching 
the desired parallel of latitude. 

Should you have no watch set to Greenwich time you can do the 
same thing. 
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HOW FAR YOU ARE EAST OR WEST 


Longitude is a division of the earth in an east and west direction and 
is measured in degrees—180 degrees to the east and 180 degrees to 
the west—of a base line which is taken to be a line running from the 
North Pole to the South Pole through Greenwich in England. 
While a degree of latitude represents the same distance at any 
place on the earth, the actual number of miles included in a de¬ 
gree of longitude varies from 60 miles east or west on the Equator 
to zero at either the North or South Pole. 

If you are at a latitude of 40 degrees North of the Equator and 
want to fix your position east or west of the base meridian of Green¬ 
wich, you say that you are so many degrees east or west, and unless 
you plot your position at this latitude on your chart, at the number 
of degrees east or west, it will have no meaning to you as far as the 
number of miles is concerned. 

Instead of streets the coordinates used in navigation are latitude 
north or south of the Equator and longitude east or west of the base 
meridian of Greenwich. 

To find your longitude (how many degrees you are east or west of 
Greenwich) you must carry a watch which has been set to Green¬ 
wich time. 

The angle east or west of Greenwich is the same as the difference 
in time between yourself and Greenwich. The earth revolves on its 
axis once in 24 hours, which is equal to 15 degrees in each hour or 
one degree in 4 minutes. If you know what time it is in Greenwich 
at any instant and you know your local time for your position, die 
difference will be a certain number of hours, which, if changed into 
degrees by the above amount, will give you how many degrees of 
longitude you are east or west of Greenwich. 

By tables that are given on the sheet accompanying the book, 
showing local times of sunrise and sunset, you are able to find longi¬ 
tude in a very simple manner. If you are able to see die top part of 
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die sun just in line with die horizon as it is rising, write down the 
Greenwich time in hours, minutes and parts of a minute diat are 
showing on your watch at this instant. Then, by knowing what is 
the local day, you look in the tables for your latitude, which we as¬ 
sume you have obtained by one of the mediods given in an earlier 
chapter, and find the local time of sunrise or sunset. 

If you take the difference between this local time of sunrise or sun¬ 
set given in the table for your latitude and local date, and the Green¬ 
wich time shown on your watch, you will obtain your longitude. 
You may step this time difference from Greenwich along the top of 
the world chart to the east or west depending upon whether your 
time is ahead of Greenwich or behind. 

If the Greenwich time is greater than your local time, your longi¬ 
tude is west of Greenwich. If your Greenwich time is less than your 
local time, your longitude is east of Greenwich. A simple way of 
remembering this is by the jingle: 

Longitude west, Greenwich time best; 

* Longitude east, Greenwich time least. 

An example of the use of die tables in finding longitude by the 
Greenwich time of sunrise is given on the sheet of tables on the side 
containing tables for southern latitudes. By following the steps out¬ 
lined in this example, no difficulty should be experienced. The 
example given is for sunrise but exactly the same method is used 
for sunset, when you will take the difference between sunset time 
from the tables for your date and the Greenwich time of sunset from 
your watch. 

There is no practicable way of finding out how far you are east or 
west on the surface of the earth by the sun, moon or stars without 
the use of a watch showing Greenwich time. 

From this you will see that it is well worth anybody’s while who is 
either sailing or flying across the seas in these times to obtain from 

[ *34 ] 






the navigator of his ship or aircraft the time at Greenwich and keep 
this time as closely as his watch permits. 

Even if you do not wish to make a habit of this, there may be suf¬ 
ficient time in an emergency to set your watch to Greenwich time. 
It is certainly not advisable to assume that there will be a navigator 
present in every raft or lifeboat, and this precaution is very worth¬ 
while as a measure of safety. 

Take good care of your watch. Keep it dry and preferably in a 
rubber sack. Wind it at the same time every day and give it a chance 
to settle down to a steady rate. Check its rate, know how many sec¬ 
onds it is running fast or slow each day. Keep your watch in the 
same position as nearly as possible at all times, either vertical or 
horizontal, and do not set it down on a hard surface if you wish to 
keep it running with a steady rate. 

A 23-jewel watch is the best you can get, but a watch having 17 
or more jewels will give good results. 

An unwaterproofed watch kept in a thin, transparent rubber sack 
will be preferable to a waterproof watch with less jewels. Don’t ex¬ 
pect to keep very accurate time on a wrist watch, for the motions of 
the arm will not permit of a steady rate. 

LONGITUDE BY THE OVERHEAD STAR METHOD 

The use of the superimposed star chart for determining latitudes 
by overhead stars has been described in the chapter “How Far You 
Are North or South.” For obtaining latitude by this means a watch 
was not necessary. 

The procedure for obtaining longitude requires the use of a 
watch accurately set to Greenwich time. The date at Greenwich 
must also be known. The Greenwich date and the Greenwich time 
showing on the watch are required in order to determine the posi¬ 
tion of the overhead star on the world chart at that instant. 

The stars have been superimposed in red on the world chart for 
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a certain date and time. It is extremely unlikely that they will be 
in this position at the date and time of your observation. You will 
recall that the stars stay in the same relation to one another, but 
continually move exactly westward. There is actually a very minute 
movement in a north and south direction which may be entirely dis¬ 
regarded for all practical purposes. 

A Greenwich Date and Hour Tape has been provided to use in 
conjunction with the chart, so that you may determine the overhead 
position of any star for a given date and time. This tape has been 
arranged so that it may be used for a long number of years. There 
are four marked edges on the tape, two outside and two inside, in 
addition to a middle folded edge. The scale on the folded edge is 
printed in red, and is divided into hours and minutes of Greenwich 
civil time. Each small division is equal to four minutes and can be 
divided by eye in between. 

Star time is faster than the Sun time we keep on our watches by 
about four minutes a day. However, this has been taken into ac¬ 
count on the hour scale of the tape, so that you can use the Green¬ 
wich time showing on your watch. 

The method of finding the overhead star has been described in 
the chapter “How Far You Are North or South” on pages 128, 129. 

To illustrate the method of obtaining both latitude and longi¬ 
tude in one operation by means of the overhead star method, we will 
assume that Sirius is overhead. We have no idea where we are and 
the only thing we do know is that the Greenwich date is January 1, 
1944, and the Greenwich time showing on our watch is 12 hours 
and 3 minutes. This is the example illustrated in the frontispiece 
which it will be well to refer to. 

Look for the star Sirius which is overprinted in red on the world 
chart. 

Using a protractor or the square edge of a piece of paper, draw a 
line north or south (in this case south) to the nearest horizontal line 
(in this case the 20° parallel of South latitude). We are going to move 
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the star in a true west direction until it is in its correct position for 
our date and time. For convenience and accuracy, we will step this 
off by means of the tape along a parallel of latitude. When it has 
been located in its true east or west direction on this line, we will 
move it back, north or south (in this case north), by the same amount. 
Refer to page 113 for a suggestion regarding the handling of the tape 
on the chart in the confined space of small craft. 

Taking the tape, find the edge containing the Greenwich date and 
year, which in this case is January 1, 1944. Lay the tape horizontally 
with this edge along the parallel of latitude with the zero mark at 
the right end of the tape on the point directly above or below Sirius 
(in this case below). Mark the point on the parallel of latitude that 
coincides with your Greenwich date, January 1. If your date on the 
tape extends beyond the left or west end of the chart (as in this case), 
put a mark on the tape where it crosses the inner left latitude border 
scale. This inner edge of the left hand border scale is identical with 
the inner edge of the right hand border scale, so carry the tape hori¬ 
zontally across on the same parallel of latitude with this new mark 
against the inside edge of the right hand border scale. Now place a 
mark on the parallel of latitude that coincides with the Greenwich 
date, January 1. This point is the position of Sirius in an east and 
west direction at zero hours (last midnight) of the Greenwich date, 
January 1. As the Greenwich time is 12 hours and 3 minutes, the 
star has passed that amount west of this point. 

Take the folded edge of the tape containing the Greenwich hours 
and minutes printed in red, and place the zero hour mark at the 
right end of the tape on this last marked point, keeping the tape 
aligned with the same parallel of latitude. Proceed to the left until 
you come to 12 hours and 3 minutes. Remembering that one small 
division is equal to 4 minutes, put a mark on the horizontal line on 
the chart, 3 ^ of a division past the 12 hour mark on the tape. 

In other examples, where the hours and minutes required on the 
tape extend over the left edge of the chart, place a mark on the tape 
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where it crosses die left inner edge of die border scale of die chart 
and proceed again with the mark on the tape against die inner edge 
of the right hand scale of the chart. 

With your protractor or the square edge of a piece of paper, meas¬ 
ure off a distance nordi or soudi (in this case north), the same 
amount that you came north or south of the star to the parallel of 
latitude. This point arrived at is dien the exact position of the star 
Sirius for 12 hours and 3 minutes Greenwich civil time on January 
1, 1944; and as the star is overhead, this will be your geographical 
position on the earth. If this example is followed correctly, it will 
place you at the position illustrated in the frontispiece; that is, at the 
eastern end of the island of Vanua Levu in the Fiji Group. 

If there is no star directly overhead at the time of your observa¬ 
tion, orient yourself by means of the rules previously given for find¬ 
ing the cardinal points, and see which stars directly east of you are 
nearing your overhead point. If a star is approaching in this line and 
is not far from overhead, it may be possible to wait until it reaches 
the overhead point. If clouds are likely to intervene before such time 
or if any odier star is near your overhead point in any direction, you 
may use hand measurements to determine its angular distance from 
your overhead point. 

The number of degrees of angle a star is from your overhead point 
means that you are the same number of degrees on the earth from 
the point directly below the star. As each degree of angle is equiva¬ 
lent to 60 miles, that will be your actual distance on the chart from 
the overhead position of the star. 

Assume a star is 2 0 past the overhead point and is due west of you. 
You may plot your position on the chart 2 0 (120 miles) due east of 
the overhead position of the star. This same procedure may be fol¬ 
lowed by a star that is nearly overhead in any direction, plotting 
your position in the correct direction on the chart from its overhead 
point. 
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OCEAN RAINFALL CHARTS 


In the upper left hand corner of the world chart are two insets, one 
for January and one for July. 

These show for their respective seasons, areas of relative rainfall 
over the oceans of the world. It will be noted that areas of definitely 
heavy rainfall may abruptly adjoin areas of little or no rainfall. 

The charts are included so that if you are in an area of light or no 
rainfall, you may note a nearby area where there may be a better 
chance of obtaining sufficient rain water for your needs. 

The data for the ocean rainfall charts was compiled by Climatic 
Research, Research and Development Branch, Office of the Quarter¬ 
master General, U. S. Army. 

☆ ☆ ☆ 

MAKING THE LANDING 

Watching the state of the sea near possible harbors or bays easy of 
access, little or no difficulty should be experienced in making a 
landing. 

In tropical waters, it will be useful to realize that where the pre¬ 
vailing wind and the current are of the same direction, atolls will 
almost invariably be shaped with lagoon entrance on the side op¬ 
posite the wind. 

Because the coral polyps, whose skeletons form coral reefs and 
islands, can only exist in water which is constantly flowing over 
them, the islands assume different forms according to the flow of 
the surface water. 

As an illustration, in the northern part of the trade wind belt, 
where the winds and currents are almost consistently from the same 
direction throughout the year, an island assumes a V shape with the 
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apex directly into the prevailing wind and the wide base of the V is 
on the lee side. A perfect example of this is Kingman Reef about 
1100 miles south of Honolulu. 

In regions where the prevailing winds may vary slightly, the atoll 
assumes a somewhat oval shape with an entrance to the lagoon on 
the side opposite the generally prevailing wind. It is well to bear this 
in mind when approaching such an island in order to make a land¬ 
ing. It will be usually dangerous to attempt a landing on the wind¬ 
ward side of an island. Even on the lee side of small solid islands, 
it will be often found that there is an extremely heavy surf which 
is hardly noticeable until it is too late to go back. The writer had 
a sad experience at Baker Island in the mid-Pacific in this way, 
where he was marooned for six days because of capsizing in a short 
heavy surf. 

With volcanic islands, such as American Samoa, where the harbor 
of Pago Pago is formed from a crater, the entrance will be on the 
windward side, for the reason that during the time of eruption the 
scoria and lava blown by the wind made the windward side of the 
crater much lower than the lee side. The action of the wind and sea 
in time has broken down the low side of the crater and thus formed 
a deep water harbor. 

Between Kingman Reef and Samoa, islands are encountered 
along the Equator, such as Ocean Island, Nauru, Baker Island, Jar¬ 
vis Island, Malden Island and Howland Island, all of which have no 
lagoon and are built up on each side. They are in a region which is 
subject to easterly winds at one time of the year and westerly winds 
during the other. 

When there is any doubt about the landing it will be wise to re¬ 
main outside breakers and try to signal the shore for help from some¬ 
one with local knowledge. 
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DISTRIBUTION OF SEA BIRDS , BREEDING 

PLACES AND DATES 


The following information on the distribution and times and places 
of breeding will assist in determining how far off shore a bird is 
likely to be. 

Many species of sea birds range far at sea except during their 
breeding season. 

Where there is some doubt regarding identification, it will be 
well to refer to the regional distribution and dates and location of 
breeding places for a more certain determination. 


WANDERING ALBATROSS 

PLATE 1, BIRD 1, 1-a 

Known as “The King of the Seas," it has 
a wide range in all the southern oceans ex¬ 
tending from 30 ° to 6 o° South of the 
Equator. It is occasionally found as far 
north as 23 0 South latitude, and on the 
west coast of South America it extends 
over the cool waters of the Humboldt 
Current even farther north. 

The Wandering Albatross breeds from 
December to February in the remote is¬ 
lands of the extreme southern seas, at the 
Auckland Islands, Kerguelen, the Crozets, 
Marion, Prince Edward, South Georgia, 
Gough and Tristan da Cunha. Though 
the greater numbers of albatrosses breed 
from December to February it is believed 
that they breed only every second year. 
For this reason, they may be found in con¬ 
siderable numbers far out at sea at any 
time of the year and are therefore at no 
time a sure indication of land. 

The Wandering Albatross is similar to 
the Royal and other albatrosses, and is 
described here as representing the pre¬ 
dominantly white southern members of 
the family. 


SOOTY ALBATROSS 

PLATE 1 , BIRD 2 

It has the same southern range as the 
Wandering Albatross and breeds in the re¬ 
mote southern oceanic islands. The Sooty 
Albatross represents the dark southern 
albatrosses. 

BLACK-FOOTED ALBATROSS 

PLATE 1 , BIRD 3 , 3 -a 

The Black-footed Albatross is one of 
three varieties of albatrosses found in the 
North Pacific, tfie others being the Short- 
tailed Albatross and the Laysan Albatross. 
The Short-tailed Albatross is the only 
white one in this area and is now rather 
scarce. The Laysan Albatross has a white 
head and under parts, and is the only two- 
colored albatross in the North Pacific. 

The Black-footed Albatross ranges in 
the North Pacific from Alaska to the 
Equator and from Lower California to 
the Japanese Islands. 

It breeds from November to March on 
the islands of the Hawaiian group and 
other small islands between Haw’aii and 
the Philippines. This is the most numer- 


[ 1 4 1 ] 




ous member of the albatross family found 
in the North Pacific. 

When seen in the seasons when they are 
not breeding, that is, from April to Oc¬ 
tober, it is quite possible that any small 
number of North Pacific albatrosses may 
be a long way from land. 

From the description of three of the al¬ 
batrosses accompanying the plates, any of 
the other ten species, with similar habits 
and general appearance, may 1>p recog¬ 
nized as belonging to the same family. 

KERMADEC PETREL 

PLATE 1 , BIRD 4 , 4 -a 

The Kermadec Petrel ranges the South 
Pacific, from the Kermadec Islands north 
of New Zealand to the coast of Mexico 
and south as far as Juan Fernandez, on 
which island it breeds. It also breeds at 
the Austral, Tuamotu, Kermadec and 
Lord Howe Islands throughout the year. 

In the Southern Pacific, it ranges north¬ 
ward as far as 15 0 North of the Equator. 
A few have been recorded as far as 210 
miles off the breeding grounds on Juan 
Fernandez. 

The Kermadec Petrel is similar to the 
many other petrels and shearwaters that 
have white under parts. Its nearest rela¬ 
tive is the Trinidad Petrel which breeds 
on Trinidad Island in the South Atlantic. 

SHORT-TAILED SHEARWATER 
(Known in Tasmania and New Zealand 
as the Mutton Bird, and in Alaska as the 
Whale Bird) 

PLATE 1 , BIRD 5 

The Short-tailed Shearwater ranges the 
Pacific Ocean from Tasmania and the 
South of Australia and New Zealand to 
Northeastern Siberia and the Bering Sea. 

It occasionally is seen off the coast of 
California in small numbers, but these 
are believed to be individuals which have 


strayed with the wrong migration groups 
from Alaska and followed the Sooty Shear, 
water down the American coast. 

From November to March, this shear- 
water breeds in such large numbers on 
the islands of Bass Straits, between Tas¬ 
mania and the south coast of Australia, 
that smoking and salting the young birds 
for the local market has become a large 
industry. An experienced observer saw 
what he estimated to be 150 million birds 
at one time cn route to the breeding 
grounds in these islands. 

From March to November, the shear¬ 
water may be encountered far at sea in 
the Western Pacific, especially during its 
migrations northwards to Bering Sea or 
southwards to Tasmania. At this season 
the direction of their flight gives no in¬ 
dication of the proximity of land. 

FULMAR 

PLATE 1, BIRD 6, G-a, 6-b 

The Fulmar is found in the North At¬ 
lantic, the North Pacific and the Arctic 
Ocean. In the North Pacific it ranges as 
far south as Lower California off the west 
coast of America, but it is found in these 
southern limits only in the winter. In the 
Atlantic it is most common near the coasts 
between 40° and 50° North latitude, par¬ 
ticularly between Iceland and Greenland. 

The southern limit of the Fulmar’s 
range in the Atlantic in mid-summer is 
on a line from the American coast at 44® 
North to the coast of Ireland 3150° North, 
but this line does not include the Azores. 
In the summer they are rarely seen farther 
west than 38° West longitude, and seldom 
within the 100 fathom line off the coasts. 

Their southern limit during the winter 
is about 40° North latitude and during 
this season they will be seen all the way 
across the Atlantic Ocean, very often fol¬ 
lowing ships for long distances. 












Off the coast of the United States the 
Fulmar is seldom seen farther south than 
43® North latitude. 

During the northern summer months, 
the Fulmar breeds in all the islands of 
the Arctic Seas, the Bering Sea and the 
pacific to the north of Japan. In Septem¬ 
ber the southern migration commences, 
with a return migration to the breeding 
grounds in April. 

NORTHERN GANNET 

PLATE 2 , BIRD 7, 7-a 

In the summer the Northern Gannet 
ranges the North Atlantic, and from May 
to July breeds along the Gulf of St. 
Lawrence, and in Newfoundland, Labra¬ 
dor, Iceland, the Faroe Islands, and Great 
Britain. 

In the winter it ranges between its 
breeding places in the North, and the 
waters of the African and American 
coasts along 23 0 North latitude. 

This is the only gannet found on the 
shores of the North Atlantic. It is some¬ 
times seen in the Mediterranean and oc¬ 
casionally in the Gulf of Mexico, but is 
most numerous in May and June between 
Cape Race and St. Pierre within 100 miles 
of its breeding places at Cape St. Mary. 

Very similar to the Northern Gannet is 
the Cape Gannet or Maligash, which 
breeds on the coast of Cape Colony in 
South Africa. 

AUSTRALIAN GANNET 

PLATE 2 , BIRD 8 

The distribution of the Australian Gan¬ 
net is principally along the South coast 
of Australia extending from Fremantle 
in Western Australia to Brisbane, Queens¬ 
land, including the seas around Tasmania 
and New Zealand. 

This gannet breeds from July to Janu¬ 
ary in the Islands around Tasmania and 


Bass Straits and in the extreme north of 
the North Island of New Zealand. 

The habits of Australian Gannets are 
similar to those of other gannets and 
boobies. 

RED-FOOTED BOOBY 

PLATE 2 , BIRD 9, 9-a 

The principal breeding grounds of the 
Red-footed Booby are in tropical regions 
throughout the world on islands well re¬ 
moved from the continents. In the Atlan¬ 
tic, it breeds at South Trinidad, Fernando 
Noronha and in many Caribbean and 
West Indian Islands; and in the Pacific 
on the Cocos and Galapagos Islands and 
on many of the small islands of the central 
and western Pacific and Indian Ocean. 

The Red-footed Booby breeds only on 
islands where there is woody vegetation 
as it appears that it cannot take off from 
the ground, but needs to launch itself 
from a bush. 

MASKED BOOBY (Known also as the 
Blue-faced, Booby) 

PLATE 2, BIRD IO 

The Masked Booby is found in all 
tropical waters of the Atlantic, Pacific 
and Indian Oceans. It breeds throughout 
the year in the Caribbean Sea, in the 
numerous cays in the Gulf of Mexico, 
the Bahamas, in the South Atlantic at 
Ascension Island, Fernando Noronha, 
Rocas Reef, South Trinidad and the 
Abrolhos Islands off the coast of Brazil. 

In the Pacific Ocean, it breeds in the 
Galapagos Islands, La Plata off the coast 
of Ecuador, the islands of San Felix 
and San Ambrosio, numerous islands off 
Northern Australia, and in the Central 
and Western Pacific. 

In the Indian Ocean, it breeds on Rod¬ 
riguez and also on Farquhar Island near 
Mauritius. 
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BROWN BOOBY 

PLATE t. BIRO 11 

The Brown Booby breeds throughout 
the year on islands in the Atlantic, on 
Ascension, Fernando Noronha, Rocas 
Reef. St. Paul Rocks, Cape Verde Is¬ 
lands, islands oft the coast of eastern 
South America and at numerous islands 
in the Caribbean and the Gulf of Mexico 
northward to the Bahamas. 

It inhabits the coast of Guiana, is 
very common along the coast of Trinidad 
during the winter rainy season, and oc¬ 
casionally it is seen south of the southern 
coast of Brazil. In the western Atlantic, 
the Brown Booby is most numerous on 
the coast of Venezuela and is quite com¬ 
mon in the Bay of Rio de Janeiro. 

The Brown Booby frequents the tropi¬ 
cal regions in the Indian and Pacific 
Oceans, the Pacific coast of Mexico, the 
west coast of Central America and Co¬ 
lombia. It breeds in greater numbers than 
any of the other members of the Booby 
family. 

RED-TAILED TROPIC BIRD 
(Bo’sun Bird) 

PLATES. BIRD IS, lS-a 

The Red-tailed Tropic Bird is found 
in the tropics of the Indian and Pacific 
Oceans over a wide extent from Mada¬ 
gascar to the Galapagos Islands and from 
the southern Japanese oceanic islands to 
the Hawaiian Islands, to Northern Aus¬ 
tralia and the Kermadec Islands. 

According to Alexander, it breeds on 
islands off the Northwest coast of Aus¬ 
tralia, in Torres Strait and on I-ord Howe 
and Norfolk Islands, the Society Islands, 
Palmerston Island, Christmas Island, the 
Bonin Group and the Hawaiian Islands. 

The White-tailed Tropic Bird has a 
wide distribution in the tropics of the 
Pacific, Indian and Atlantic Oceans. 


In the Atlantic it breeds at Ascension, 
Fernando Noronha, Islands in the Gulf 
of Mexico, Bermuda and the Bahamas, 
and in the Greater and Lesser Antilles. 

It breeds at the numerous islands in the 
central and southwest Pacific, from the 
Tuamotus, Christmas Island, Samoa, Fiji, 
and New Caledonia. 

In the Indian Ocean the White-tailed 
Tropic Bird breeds at the Mascarene, Sey- 
chelle, Andaman, and Christmas Islands. 

In the Pacific, particularly where the 
tropic birds breed on inhabited islands, 
they will be seen sometimes without their 
tail feathers, as these slender and beauti¬ 
ful feathers are highly prized by the na¬ 
tives who often remove them. 

This is one of the few birds seen in the 
Sargasso Sea area, but even there it is 
scarce. The white-tailed species is more 
numerous in the western part of the Sar¬ 
gasso Sea than in the eastern part. Increas¬ 
ing numbers will be observed as the Ber¬ 
mudas are approached, but this is only 
during the breeding season from May to 
August. They are very scarce at other times 
of the year. 

FRIGATE BIRD 
(Man-of-War Bird) 

PLATE 3, BIRD 1$, IJ-a, lj-b 

There are five species of Frigate Birds 
which range throughout the coasts and 
islands of the world within about 1800 
miles north and south of the Equator. In 
the Atlantic, their northern limit appean 
to be the Bahamas in the western Atlan¬ 
tic, and the regions of the Cape Verde Is¬ 
lands in the eastern Atlantic. Tie south¬ 
ern limit in the Atlantic seems to be the 
eastern coast of Brazil, to St. Helena off 
the African coast. Off the Atlantic coast 
they are very numerous along Florida and 
in the Bahamas, the Gulf of Mexico. 3nd 
in the Caribbean Sea. 
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They breed at South Trinidad Island 
oft the coast of llnuil, and Boatswain Bird 
Island (near Ascension). 

Frigate Birds arc numerous on the went 
coast of America from Southern California 
to Northern Peru. 

In the Pacific they range as far north ns 
the Hawaiian Islands, and as fnr south 
as New Caledonia; occasionally north to 
Japan and south to New Zealand, the 
Tongan Group, and Sala y Gomez ofT 
the coast of Chile. 

They breed in numerous islands of the 
Central and Southern Pacific, and in is¬ 
lands olf Northern Australia, Galapagos 
Islands and Hawaii. 

The Frigate Bird is wide-spread in the 
Indian Ocean and breeds in the Scychelle 
Islands. Aldabara (near Madagascar), 
Christmas Island (off Java), and on the 
Paracel Reefs in the South China Sea. 

COMMON CORMORANT 
(Also known as Shag) 

PLATE J, BIRD 14, 14-a 

The cormorants have an extremely 
wide range throughout all parts of the 
world except the islands of the Central 
Pacific, but they are much more numer¬ 
ous in the Southern Hemisphere than in 
the northern. 

They have not established themselves 
on islands remote from continents, except 
at the Galapagos, where a peculiar flight¬ 
less form occurs, and at islands lying 
along the outer fringe of the Antarctic. 

JACKASS PENGUIN 

PLATE 3, BIRD 15, 15-a 

These flightless birds are restricted to 
the Southern Hemisphere and then only 
to waters that are cool. 

The Jackass Penguin is the most north¬ 
ern bird of its family in the South Atlan¬ 
tic Ocean; 24 0 south of the Equator on 


the cast coast of South America is the 
northern limit of the Magellan Penguin. 
On the west coast of America the Hum¬ 
boldt Penguin extends as far north as lati¬ 
tude G“ South, and at the Galapagos Is¬ 
lands there is another species. The last 
two penguins are enabled to thrive in this 
area because of the cold northward flow¬ 
ing waters of the Humboldt Current. 

Another species is found as far north as 
latitude as 0 on the coast of Western Aus¬ 
tralia. 

BROWN PELICAN 

TLATH 3, BIRD iG 

The Brown Pelican ranges on the Pa¬ 
cific coast of tropical America from Chile 
to the Galapagos Islands, and on the At¬ 
lantic coast from South Carolina to the 
Amazon. 

They breed in colonies at many islands 
along the coasts. 

Other species of pelicans are similar in 
outline and general appearance and are 
distributed throughout the tropical and 
temperate regions of the world. 

They do not occur, however, on the east 
coast of South America south of Northern 
Brazil, nor in New Zealand or the islands 
of the Pacific except the Galapagos Is¬ 
lands. 

GREAT SKUA 

PLATE 3, BIRD 17 

The Great Skua is the bird of prey 
amongst sea birds and is found over the 
oceans far from land. 

They range the breadth of the Atlantic, 
the northern breeding limits being the 
Orkneys, Shetlands, Faroe Islands, Ice¬ 
land, Greenland, Baffin Bay and Hud¬ 
son Strait. 

The Great Skua extends southwards in 
the Atlantic as far as 40° North latitude 
on the American coast, to 45 0 North lati- 
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tudc on the European coast. It is seen 
in considerable numbers in the waters 
around the British Isles. 

Other Skuas, similar in appearance to 
the Great Skua, are found off the coast 
of South America from the extreme south 
to Callao, Peru, on the west coast, and as 
far as Rio dc Janeiro on the east. 

The Southern Skua, very similar in ap¬ 
pearance to the Great Skua, breeds in the 
Falkland Islands, Tristan da Cunha, 
Gough, Marion, Crozet, Kerguelen and 
Heard Islands. Other breeding places of 
the Skuas are the sub-antarctic islands of 
South Georgia, South Orkneys, the South 
Island of New Zealand, the Chatham Is¬ 
lands, Auckland Islands, Campbell Island 
and Macquarie Island. 

Skuas occur from the extreme south of 
South Africa to Madagascar on the east 
coast, to VValfisch Bay on the west coast; 
that is to an approximate latitude of 20° 
South of Equator on both coasts. 

PARASITIC JAEGER 

PLATE 3, BIRD 1 8 

The Parasitic Jaeger is similar to the 
Long-tailed and Pomarine Jaegers and 
breeds in the summer almost entirely 
north of the Arctic Circle. 

These small members of the Skuas 
winter at sea, chiefly in the tropics 
north of the Equator. 

The jaegers' northward migration to 
the Arctic Circle, as described by Wynne- 
Edwards, starts in the last week of July 
and ends by the middle of October. They 
start for the South in the last week of 
April and the last ones leave by the mid¬ 
dle of June. During their migrations 
north and south they entirely disregard 
the land and it has been observed by 
Wynne-Edwards that on the 50th paral¬ 
lel of latitude approximately 80% of the 
migrating jaegers were more than 500 


miles from land. In the Atlantic they 
were rarely found north of 35 0 North 
latitude in winter. 

The jaegers have a wide distribution in 
practically every continent of the world 
during at least one season in the year. 

HERRING GULL 

plate 4, bird 19, 19-a, 19-b 

The Herring Gull, the most common 
of the gulls of the Northern Hemisphere, 
has a very wide distribution in Europe, 
Asia and North America. In the Atlantic 
Ocean it ranges in the winter to the Ca¬ 
nary Islands and Northern Africa. 

On the east coast of America they ex¬ 
tend from Labrador to Maine, Mexico, 
Cuba and the Bahamas. In the Pacific 
they are found on the coast of Siberia, 
the southern coast of Alaska and coast 
of British Columbia; across Arctic Amer¬ 
ica to Hudson Bay, and from Banks Land 
to Ellesmere Land. 

During the summer months, from April 
to August, they breed on the coast of Eur¬ 
ope from northern France and Great 
Britain to Scandinavia and the White 
Sea. 

SOUTHERN BLACK-BACKED GULL 
(Kelp Gull) 

PLATE 4, BIRD 20 

It breeds throughout the areas men¬ 
tioned, and also on the Falkland Islands. 
South Shetlands, South Orkneys, South 
Georgia, Marion Islands, the Crozets, 
Kerguelen, Heard Island, and Chatham 
Islands. 

It is common inshore on the coast of 
South America, South Africa and New 
Zealand. 

LAUGHING GULL 

PLATE 4, BIRD 21 

The Laughing Gull occurs on the east 
coast of America, from Maine to Vene- 
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luela, and in the winter as far south as 
the mouth of the Amazon. On the Pacific 
coast it is found from Mexico, south to 
Chile. It is similar to many other dark¬ 
headed gulls. 

SILVER GULL 

(In New Zealand called Mackerel Gull, in 
South Africa, Hartlaub’s Gull) 

PLATE 4 , BIRD 22 

Found on the coast of South Africa 
from latitude of 30° south to the Cape 
of Good Hope. It is also common in Aus¬ 
tralia, Tasmania, New Zealand, New 
Caledonia, Chatham Islands, and the 
Auckland Islands. 

The Silver Gull, similar to several other 
small gulls, breeds and remains within 
these areas. 

COMMON KITTIWAKE 

PLATE 4, BIRD 23, 23-a 

The Common Kittiwake is the only 
member of the gull family which fre¬ 
quents the open ocean and is found in 
the North Pacific, North Atlantic, Arctic, 
and as far south as Lower California in 
the Pacific, the Cape Verde Islands off the 
coast of Africa, and in the Mediterranean 
and the Black Seas. The Pacific Kitti- 
wakes go to the Bering Sea north of the 
Aleutians to breed, and the Atlantic 
breeding grounds extend from Labrador 
to Greenland, Northern Europe, includ¬ 
ing France and Great Britain. The kit- 
tiwakes are most frequently found close 
to both the eastern and western Atlan¬ 
tic coast between 40° and 50° North 
latitude. 

When breeding, from April to July, 
they are usually found close inshore. In 
mid-winter they range all the way across 
the North Atlantic Ocean and far at sea 
in the North Pacific. 

There is a slight difference between the 


Atlantic and Pacific Kittiwakes and the 
Red-legged Kittiwake of the North Pa¬ 
cific, but the habit of ranging far out to 
sea in the wintertime is common to all of 
them. 

Competent observers agree that in the 
Atlantic they have never seen a single kit¬ 
tiwake at sea between the middle of June 
and the middle of August. In midsummer 
the southern limit in the eastern Atlantic 
is about 59 0 North of the Equator. They 
have not been seen at any time of the year 
farther south than 24° North latitude. 

BLACK SKIMMER 
(Scissor-Bill or Razor-Bill) 

PLATE 4 , BIRD 24 

Skimmers are coastal, river and lake 
birds and are found along the warmer 
parts of America, Africa and India. 

The Black Skimmer is distributed on 
the east Coast of America from New 
Brunswick to Buenos Aires, but north 
of Florida only in summer. In winter it 
is found on the west coast of Mexico and 
Central America. 

Other skimmers similar in appearance, 
but differing somewhat in color are com¬ 
mon in Central and South America, in 
Africa from Senegal to the Orange River 
and from Egypt through the Red Sea to 
the Zambezi. In India another kimmer 
occurs on the large rivers and lakes and 
also in Lower Burma. 

WHITE TERN 
(Love Tern) 

PLATE 4 , BIRD 25 

The White Tern breeds on many is¬ 
lands in the Pacific Ocean including the 
Kermadecs, Christmas (Pacific), Hawai¬ 
ian Islands, Marcus Island, the Marianas, 
Carolines, Cocos Island (Pacific), Galapa¬ 
gos, and Revillagigedo Island. 

In the Indian Ocean it breeds at Mada- 
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gascar, the Mascarene, Seychelles, and 
Chagos Islands. The breeding places for 
the White Tern in the tropical Atlantic 
are at South Trinidad, Ascension and Fer¬ 
nando Noronha Islands. 

The Marquesan White Tern which is 
found together with the White Tern in 
the Marquesas Islands is quite similar in 
appearance and has similar habits. 

ARCTIC TERN 

PLATE 4, BIRD 26 , 26-a 

The Arctic Tern breeds from May to 
July in the Arctic on the coasts of Siberia, 
Alaska, Canada, Greenland, and Europe, 
and farther south in British Columbia, 
Massachusetts, Great Britain, Holland 
and also in the Commander and the 
Aleutian Islands. 

The Arctic Tern migrates from the Arc¬ 
tic to the Antarctic, returning again in the 
early northern summer. 

COMMON NODDY 
(Also called the Noddy Tern) 

PLATE 4, BIRD 27 

The Common Noddy has a very wide 
distribution throughout the world in the 
tropical and sub-tropical seas, but is rare 
or absent from the west coast of South 
America. 

It breeds in the islands of the Carib¬ 
bean Sea and the Gulf of Mexico and in 
the Atlantic Ocean as far south as Tristan 
da Cunha. It is found sometimes as far 
north as Bermuda and Great Britain. In 
the Indian Ocean, it occurs around the 
coasts of Madagascar, Mauritius, Seychel¬ 
les, the Laccadive and Maidive Islands, 
and Western Australia. 

In the Pacific Ocean it breeds in the 
small Japanese Islands northeast of For¬ 
mosa, the Philippine Islands, the coast of 
Queensland, in the islands of the Pacific 
from New Caledonia to the Galapagos, 


and from the Hawaiian Islands to the 
Tuamotus. 

It is also found in islands off the west 
coast of Mexico and Central America and 
breeds at various times throughout the 
year. 

SOOTY TERN 
(Wideawake) 

PLATE 4, BIRD 28 

In the Atlantic Ocean the Sooty Tern is 
distributed throughout the Ascension Is¬ 
lands, Rocas Reef, Fernando Noronha, 
South Trinidad, Martin Vas, St. Helena, 
The Bahamas, Dry Tortugas, and other 
islands of the West Indies, and off the 
coast of Venezuela. 

In the Indian Ocean, Sooty Terns breed 
in the Laccadive Islands. They are found 
throughout the islands in the Pacific, but 
particularly off the coast of Northern Aus¬ 
tralia, New Caledonia, the Kermadec Is¬ 
lands, Hawaiian Islands, Galapagos, Clip- 
perton, and Revillagigedo Islands. 

They breed at various times of the year. 

OTHER SPECIES OF TERNS 

Other terns, similar to the ones de¬ 
scribed, have such a large range through¬ 
out the world that it is not practical to 
enumerate their island breeding places. 

COMMON DIVING PETREL 

PLATE 5, BIRD 29, 29-a 

Its range is limited to islands in the 
southern oceans between 35° and 55 ° 
South latitude. 

It breeds between July and November 
at the Islands of Bass Straits, coasts of Vic¬ 
toria, Tasmania, and New Zealand, Chat¬ 
ham, Bounty, Antipodes, Snares, and 
Auckland Islands, and in the South At¬ 
lantic at the Falkland Islands, Tristan da 
Cunha, and Gough Islands. 
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Except in the breeding season, when it 
is likely to be found within daily excur¬ 
sion range of the above mentioned islands, 
the Common Diving Petrel may be seen 
in the southern oceans at a considerable 
distance from land. 

Other species of diving petrels breed 
at Crozet Islands, Kerguelen, Auckland, 
South Georgia, Macquarie Island, Pata¬ 
gonia, Cape Horn, Chile and Peru. 

The Common Diving Petrel which we 
have described is very similar in appear¬ 
ance to the other diving petrels, all of 
which are unreliable in indicating close¬ 
ness to land. It should be easy to distin¬ 
guish them from other sea birds. 

WILSON’S STORM PETREL 
(Mother Carey’s Chicken) 

PLATE 5, BIRD 30, 30-a 

Wilson’s Storm Petrel ranges through¬ 
out the southern oceans and breeds from 
December to February in Antarctica, is¬ 
lands off Cape Horn, South Shetlands, 
South Orkneys, South Georgia, Kergue¬ 
len and Heard Island. 

It is the most widespread and common 
of the storm petrels. As soon as breeding 
is over it migrates rapidly northwards and 
by April it is found as far north as the 
Sargasso Sea, and Cape Hatteras on the 
east coast of the United States. 

During May and June, the petrel works 
gradually inshore along the North Amer¬ 
ican coast. In the eastern Atlantic it does 
not appear until May and it is never seen 
north of 52 0 3c/ North in American wa¬ 
ters. It does not reach Greenland or Ice¬ 
land, nor is it found north of latitude 
57 0 in Europe. It is absent north of the 
Equator only in February and the first 
three weeks in March. It is most abundant 
in the Gulf Stream and off the coast of 
Portugal. 

Wilson’s Petrel leaves the American 


coast in September but is still numerous 
off the West African coasts and islands 
until December and early January. 

GREATER SHEARWATER 

PLATE 5, BIRD 31 

The Greater Shearwater is widely dis¬ 
tributed in the Atlantic. The only known 
breeding place of the Greater Shearwater 
is Tristan da Cunha in the South Atlan¬ 
tic. It spends the summer in the North 
Atlantic. 

The Greater Shearwater may be seen in 
flocks of 100 or more along the coasts. 
Such flocks are evident when the birds 
first arrive at the end of May off the east 
coast of the United States and again in 
mid-September before their departure on 
their migration to Tristan da Cunha. The 
main departures from Europe are not un¬ 
til November. They are abundant on the 
Grand Banks in the first week in June but 
they have not all reached the North by 
that time. Within a few days of their ar¬ 
rival at the Grand Banks, they are seen in 
Greenland waters. They are often seen 
around schools of whales and porpoises. 

Greater Shearwaters appear about the 
last week of May on a line from Nan¬ 
tucket Island, Cape Cod and Nova Scotia 
to the mid-Atlantic in 51 0 North 30° 
West. This species is an autumn visitor 
to the British Isles. They are commonly 
seen every autumn off the Stilly Isles and 
occasionally are met with in large flocks 
off the Cornish coast. Off the mouth of the 
Gulf of Maine there are Greater Shear¬ 
waters all summer long as far out as the 
edge of the Gulf Stream. 

MANX SHEARWATER 

PLATE 5, BIRD 32 

The Manx Shearwater is found along 
the shores of the Atlantic Ocean and the 
Mediterranean Sea and in the northern 
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winter is found as far south as Argentina. 

It breeds from March to June in Ice¬ 
land, the Faroe Islands, Great Britain, the 
north coast of France, the Azores, Ma¬ 
deira, Sardinia and Corsica, Aegean Is¬ 
lands, and in the western Atlantic in the 
Bermudas. 

OTHER SPECIES OF SHEARWATERS 

There are many other species of shear¬ 
waters found in many parts of the world, 
in addition to those described here. 

It is not practicable to go into sufficient 
detail on all the shearwaters to enable 
them to be used for purposes of estimat¬ 
ing distance or direction from land. 

CAPE PIGEON 

PLATE 5, BIRD 43 

The Cape Pigeon breeds on the islands 
of the Antarctic continent and on the 
South Shetlands, South Orkneys, South 
Georgia, Kerguelen and possib’y, Bouvet 
and the Crozets. It has a wide distribution 
in the southern oceans extending north in 
the cool current regions as far as Northern 
Peru and the Marquesas; on the African 
coast to Angola and Mozambique, and to 
Australia. In the Pacific it rarely crosses 
the Equator. 

SOOTY STORM PETREL 

PLATE 5, BIRD 33 

The Sooty Storm Petrel is found in the 
Pacific Ocean from Japan to the Hawai¬ 
ian Islands and off the west coast of Chile 
and Peru. It breeds in the Hawaiian Is¬ 
lands in January. 

RED PHALAROPE 
(Also called Gray Phalarope) 

PLATE 5, BIRD 34 

The Red Phalarope breeds in the north¬ 
ern summer in the Arctic regions north¬ 
ward of the Arctic Circle. It migrates from 


the Arctic entirely over the sea to the 
Southern Hemisphere as far south as the 
Falkland Islands, Patagonia and New Zea¬ 
land. 

It breeds also in Northern Siberia, Alas¬ 
ka, Arctic Canada and is found on the 
coast of West Africa in its southern mi¬ 
gration. 

NORTHERN PHALAROPE 

PLATE 5, BIRD 35 

The Northern Phalarope breeds north¬ 
ward and southward of the Arctic Circle, 
Russia,Siberia,Sakhalin, Aleutian Islands, 
Alaska, Canada, Greenland, Iceland, Scan¬ 
dinavia and Great Britain. On the Ameri¬ 
can continent it does not breed south of 
Labrador. It winters in the Southern Hem¬ 
isphere as far south as Patagonia. It is 
found on the coasts of the Arabian Sea in 
the winter; in northern New Guinea, and 
the Moluccas. 

During migration it is found on both 
coasts of the United States, Western and 
Southern Europe, Japan, China and the 
Philippine Islands. 

As with the Red Phalarope, whose mi¬ 
grations it often accompanies, the North¬ 
ern Phalarope may be seen far at sea dur¬ 
ing its migration flights but at other times 
of the year may be assumed to be coastal. 

TUFTED PUFFIN 

PLATE 5, BIRD 36, 36-a 

It ranges from the Arctic and Bering 
Seas and the North Pacific, south in the 
winter to Santa Barbara Islands (Cali¬ 
fornia) and Lower California. 

It breeds in Eastern Siberia, Alaska, the 
Kurile, Commander, Aleutian and Pribi- 
lof Islands. 

Other species of puffins breed in the 
North Atlantic and Arctic Seas, but do not 
go far from their breeding places. Puffins 
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are numerous in the English Channel, es¬ 
pecially off Alderney and the Casquets, 
but generally not more than 20 miles off 
shore. 

Along the American coast they are sel¬ 
dom seen in any numbers until the end of 
June. At this time around Cape Race large 
numbers apparently make daily flights 
about 70 miles or so off shore. In the 
middle of the afternoon they start for the 
shore. There are no records of puffins be¬ 
ing seen out at sea in the North Atlantic 
in the winter time. 

HORNED PUFFIN 

PLATE 5, BIRD 37, 37-a 

The Horned Puffin breeds in the North 
Atlantic and Arctic Seas and is found south 
in the winter as far as the Mediterranean, 
Canary Islands, the Azores and the coast 
of America as far south as Massachusetts. 

COMMON MURRE 

PLATE 5, BIRD 38, 38-a, 38-b 

The Common Murre is distributed 
throughout the northern seas of the Pa¬ 
cific and the Atlantic. It is found south in 
the winter time in the Western Mediter¬ 
ranean and along the coasts of Spain, 
Maine, Southern California and Northern 
Japan. It breeds in the Aleutians and 
other islands in the Bering Sea, and from 
Alaska south on the west coast of America 
to the Farallon Islands off California. 

Its breeding range extends from South¬ 
ern Greenland to the Bay of Fundy on the 
East coast of America; and from Southern 
Greenland to Ireland, Scandinavia, the 
Faroes, Shetlands, Orkneys, and Great 
Britain, France and Portugal. 

The Common Murre keeps very close to 
shore, rarely being seen far from land. 

Brunnich's Murre, distinguished from 
the Common Murre by its stouter bill, is 


found some distance farther out than the 
Common Murre. 

Brunnich's Murres are found in consid¬ 
erable numbers in May and June as far as 
the extreme eastern edge of the Grand 
Banks, and have been recorded as far as 
220 miles east of Newfoundland. 

Wynne-Edwards records them as being 
very abundant in the Atlantic during June 
between 130 and 150 miles east of Cape 

Farewell at the southern tip of Greenland. 

* 

PIGEON GUILLEMOT 

PLATE 5, BIRD 39, 39-a 

The Pigeon Guillemot which ranges in 
the Pacific is very similar in appearance 
and habits to the Black Guillemot, which 
is found in the Atlantic. 

The Pigeon Guillemot is distributed in 
the Bering Sea, North Pacific Ocean and 
south in the winter as far as Japan and 
Lower California. It breeds in the islands 
in the Bering Sea and along the Kamchat¬ 
ka Peninsula, the Kurile Islands, and the 
coasts of Siberia; and as far south as the 
Santa Barbara Islands off California. 

The Black Guillemot is confined to the 
North Atlantic Ocean and the Arctic Sea 
and ranges south in the winter as far as 
New Jersey in the western Atlantic and 
northern France in the eastern Atlantic. 

CRESTED AUKLET 

PLATE 5, BIRD 40 

The Crested Auklet is peculiar to the 
Bering Sea, and the North Pacific Ocean. 
It breeds in the Commander, Pribilof, 
Aleutian and Kurile Islands in the sum¬ 
mer months, and in the winter it is found 
in northern Japan and the Kodiak Islands. 

PAROQUET AUKLET 

PLATE 5, BIRD 41 

The Paroquet Auklet is peculiar to the 
Bering Sea and the North Pacific Ocean. 
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It breeds in northeastern Siberia, North¬ 
west Alaska, the Kurile, Commander, Aleu¬ 
tian, and Shumagin Islands in the sum¬ 
mer months, and winters in the Sea of 
Okhotsk, Northern Japan and California. 

The Paroquet Auklet flies higher above 
the water than most other auklets but 
rarely goes out of sight of land and is 
therefore a useful indication. 


LEAST AUKLET 

PLATE 5, BIRD 42 

The Least Auklet breeds on islands in 
the Bering Sea and the Aleutian Islands, 
and in winter passes to the Sea of Okhotsk, 
the islands northeast of Formosa, and on 
the American continent to the State of 
Washington. 

The Least Auklets are similar in their 
habits to the other auklets described. 
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SOUTHERN LATITUDE.* 
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line with our latitude, thus giving ua our geographical ptmiaon on the 
wot Id chart 
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713 

72.7 

74 1 

75 7 

77.3 
79 1 
809 
82 7 

84.7 
86 6 
88 7 
900 
88 0 


5’N. 


5 C N. 


Rise Set 


h. m 
6 08 
6 10 
6 12 
6 13 
6 15 
6 16 
6 16 

6 16 
6 16 
6 15 
6 14 
6 13 
6 11 
6 10 
6 08 
6 05 
604 
6 02 


86 1 6 00 


84 2 
82 3 
80 5 
78 7 
77.1 


5 57 
5 55 
5 54 
5 51 
5 50 


75.5 5 49 


74.0 
72 7 

71.4 
70 3 
69 3 

68.5 
67.9 
67 4 
67 0 
66 9 

66 9 

67 1 


5 47 
5 47 
5 46 
5 46 
5 46 
5 46 
5 46 
5 47 
5 48 
5 49 
5 50 
5 51 


h. m. 

5 59 
601 

6 04 
606 
6 08 
609 
6 11 
6 12 
6 13 
6 13 
6 14 
6 14 
6 13 
6 13 
6 12 
6 12 
6 10 
6 10 
609 
6 08 
6 07 
6 06 
6 06 
6 06 
606 
606 
6 06 
6 07 
6 07 
6 08 
6 09 
6 10 
6 11 
6 12 
6 13 
6 15 
6 15 


67 4 I 5 52 

68 0 | 5 53 

68 7 5 54 


71.1 
72 8 
74 2 

75.7 

77.3 
78.9 

80.7 

82.4 
84 3 
86 2 
88 


557 
5 56 
5 56 
5 56 
5 55 
5 55 
5 54 
5 53 

, 5 52 

1551 


90 0 5 50 

88.6 , 5 48 
86 7 5 47 

84 7 5 46 

82 8 5 45 

81.0 | 5 45 
79.2 5 45 

77 5 . 5 45 


75 8 

74.3 
72 8 
71.5 

70.3 

69.3 

68 5 
67.8 
67 3 
67.0 
66 9 
66 9 
67.2 


5 45 
5 46 
5 47 
5 48 
5 49 
5 51 
5 54 
5 56 

5 58 

6 01 
6 03 
6 05 
608 


Duro- Sun's 
tionof Noon 
Doy Ht 


h. m. 

11-51 

11-51 

11-52 

11-53 

11-53 

11-53 

11-55 

11-56 

11-57 

11- 58 

12 - 00 
12-01 
12-02 
12-03 
12-04 
12-07 
12-06 
12-08 
12-09 
12-11 
12-12 
12-12 
12-15 
12-16 
12-17 
12-19 
12-19 
12-21 
12-21 
12-22 
12-23 
12-24 
12-24 
12-24 
12-24 
12-25 
12-24 

12-24 

12-24 

\2-23 


6 1 

6 15 
6 14 
6 13 
6 11 
6 10 
6 07 
605 
6 03 
600 
5 58 
5 56 
5 54 
5 51 
5 49 
5 47 
5 46 
5 44 
5 43 
5 42 
5 42 
5 42 
5 42 
5 43 
5 44 

5 45 
5 47 
5 49 
5 51 
5 53 
5 56 
5 59 


12-18 

12-17 

12-15 

12-15 

12-12 

12-11 

12-10 

12-08 

12-07 

12-06 

12-06 

12-04 

12-03 

12-02 

12-01 

11-59 

11-58 

11-57 

11-56 

11-55 

11-54 

11-54 

11-53 

11-51 

11-51 

11-51 

11-50 

11-50 

11-51 

11-51 


62 2 

62.7 

63 4 

64 2 

65 3 

66 3 

67.7 

69 1 

70.7 

72.3 
74 1 
759 
77 7 

79 7 
81 6 

83.7 
85 6 
87 6 

89 5 
89 2 
87 3 
85 5 
83 7 
82.1 

80 5 
79 0 
77 7 

76.4 

75.3 

74.3 
73 5 
72 9 

72.4 
72.0 
719 
71.9 

72 1 

72.4 

73 0 
73 7 

iii 

76 6 

77.8 
79 2 
807 

82 3 

83 9 

85.7 
87 4 
89 3 
89 4 

87.5 
856 
83 6 

81.7 

79.7 

77 8 
76.0 

74.2 

72.5 

70.8 
69 3 

67 8 
66 5 

65.3 
64 3 

63.5 
62 8 

62.3 
620 

61.9 
61.9 
62.2 


10° N. 


10° N. 


Rise Set 


Dura- Sun's 
tion of Noon 
Day Ht. 


h m. h m. 
6 17 5 50 

6 19 5 53 

6 20 5 55 

6 21 5 58 

6 22 6 00 
6 23 6 02 

6 23 6 04 

6 22 6 06 
6 21 6 08 
6 20 6 08 
6 19 6 10 

6 17 6 10 

6 14 6 10 

612 611 
6 09 6 11 

6 06 6 11 
6 04 6 11 

601 611 
5 58 6 11 

5 55 6 10 

5 52 6 10 

5 50 6 10 
5 47 6 11 

5 45 6 11 

5 43 6 12 

5 41 6 12 

5 40 6 13 

5 39 6 14 

5 38 5 15 

5 38 6 16 

5 38 6 17 

5 38 6 18 

5 38 6 20 

5 39 6 21 

5 40 6 22 

5 41 6 24 

5 42 6 24 

5 43 6 25 

5 45 6 25 

5 46 6 25 


h. m. 
11-33 
11-34 
11-35 
11-37 
11-38 
11-39 
11-41 


11-47 

11-48 

11-51 

11-53 

11-56 

11- 59 

12 - 02 
12-05 
12-07 
12-10 
'2-13 
12-15 
12-18 
12-20 
12-24 
12-26 
12-29 
12-31 
12-33 
12-35 
12-37 
12-38 
12-39 
12-40 
12-42 
12-42 
12-42 
12-43 
12-42 

12-42 

12-40 

12-39 


623 
5 50 6 22 

5 50 6 20 

5 51 6 18 

5 51 6 16 

5 51 6 14 

551 611 

5 51 6 08 
5 50 6 05 

5 50 6 02 

5 50 5 59 

5 49 5 56 

5 49 5 53 

5 49 5 50 

5 48 5 47 

5 48 5 44 

5 49 5 42 

5 49 5 40 

5 50 5 38 

5 51 5 37 

5 52 5 36 

5 53 5 35 

5 55 5 35 

5 57 5 35 

5 59 5 36 

6 02 5 37 

6 04 5 38 

6 07 5 40 

6 10 5 42 

6 12 5 44 

6 14 5 47 

6 17 5 50 11-33 


12-30 

12-27 

12-25 

12-23 

12-20 

12-17 

12-15 

12-12 

12-09 

12-07 

12-04 

12-01 

11-59 

11-56 

11-53 

11-51 

11-48 

11-46 

11-44 

11-42 

11-^0 

11-38 

11-37 

11-35 

11-34 

11-33 

11-32 

11-32 

11-33 


572 

57.7 
583 
592 

60.3 

61.3 

62.7 

64.1 
65 7 

67.3 
69 1 

70.9 

72.7 

72.4 

76.6 

78.7 
80.6 
82 6 

84 5 

86.4 
88 3 

89.9 

88.7 

87.1 

85 5 
84.0 
82 7 
81 4 

80.3 

79.3 

78.5 

77.9 

77.4 
77.0 

76.9 
76.9 

77.1 


82.8 

84.2 

85.7 

87.3 

88 9 

89 9 

88.2 
86 3 
84 4 

82.5 

80.6 

78.6 

76.7 
74 7 
72 8 
71.0 
69 2 

67.5 

65 8 

64.3 

62.8 

61.5 
603 

59.3 

58.5 
57.8 
57 3 
57.0 
569 
569 

57.2 


15° 

N. 

15° 

N. 

20° N. 

20° 

Nj 

25 3 

N. 

25" 

N. 

30° 

N. 

30" 

N. 

32° 

N. 



Dura¬ 

Sun's 



Dura¬ 

Sun's 



Dura¬ 

Sun's 



Dura¬ 

Sun's 



Rise 

Set 

tion of 

Noon 

Rise 

Set 

tion of 

Noon 

Rise 

Set 

tion of 

Noon 

Rise 

Set 

tion of 

Noon 

Rise 

Sef 



Day 

Ht 



Doy 

Ht. 



Day 

Ht. 



Day 

Ht 



h. m. 

h m 

h. m. 

0 

h. m. 

h. m. 

h. m. 

o 

H. m. 

h. m 

h. m. 


h. m. 

h. m. 

h. m 

0 

h m. 

h. m. 

6 26 

5 41 

11-15 

522 

6 35 

5 32 

10-57 

47 2 

6 45 

5 22 

10-37 

42.2 

6 56 

511 

10-15 

37.2 

7 01 

5 06 

6 27 

5 44 

11-17 

52.7 

6 36 

5 35 

10-59 

47.7 

6 46 

5 25 

10-39 

42 5 

6 57 

5 14 

10-17 

37.5 

7 02 

5 10 

6 29 

5 47 

11-18 

53 4 

6 38 

5 38 

11-00 

484 

6 47 

5 28 

10-41 

43.4 

6 57 

5 18 

10-21 

38.4 

7 02 

5 14 

6 29 

5 50 

11-21 

54 2 

6 38 

5 41 

11-03 

492 

6 47 

5 32 

10-45 

44.2 

6 57 

5 23 

10-26 

39.2 

7 01 

5 19 

6 30 

5 53 

11-23 

55.3 

6 38 

5 45 

11-07 

50 3 

6 47 

5 36 

10-49 

45 3 

6 56 

527 

10-31 

403 

7 00 

5 23 

6 30 

5 55 

11-25 

56.3 

6 37 

5 48 

11-11 

513 

6 45 

5 40 

10-55 

46 3 

6 54 

5 31 

10-37 

41.3 

6 58 

5 27 

6 29 

5 58 

11-29 

57.7 

6 36 

5 51 

11-15 

52.7 

6 44 

5 44 

11-00 

47.7 

6 52 

5 36 

10-44 

42.7 

6 55 

5 32 

6 28 

600 

11-32 

59.1 

6 35 

5 54 

11-19 

541 

6 42 

5 47 

11-05 

49.1 

6 49 

5 40 

10-51 

44.1 

6 52 

5 37 

6 26 

6 02 

11-36 

607 

6 32 

5 56 

11-24 

55 7 

6 38 

5 50 

11-12 

50 7 

6 45 

5 44 

10-59 

45.7 

6 48 

541 

6 25 

604 

11-39 

62.3 

6 30 

5 59 

11-29 

57 3 

6 35 

5 54 

11-19 

52.3 

6 41 

5 48 

11-07 

47.3 

6 43 

5 46 

6 23 

6 06 

11-43 

64.1 

6 27 

6 01 

11-34 

59 1 

6 31 

5 57 

11-26 

54.1 

6 36 

5 52 

11-16 

49.1 

6 38 

5 50 

6 20 

6 07 

11-47 

65.9 

6 24 

6 03 

11-39 

60 9 

6 28 

600 

11-32 

55 9 

6 32 

5 56 

11-24 

50 9 

6 34 

5 54 

6 17 

6 08 

11-51 

67.7 

6 20 

6 05 

11-45 

62.7 

623 

6 02 

11-39 

57.7 

6 26 

5 59 

11-33 

52.7 

6 28 

5 58 

6 14 

609 

11-55 

697 

6 16 

6 07 

11-51 

647 

6 18 

6 05 

11-47 

59.7 

6 21 

6 03 

11-42 

54.7 

6 22 

6 02 

6 10 

6 10 

12-00 

71.6 

6 12 

6 08 

11-56 

666 

6 13 

6 07 

11-54 

61.6 

6 15 

6 06 

11-51 

566 

6 15 

6 05 

6 07 

6 11 

12-04 

73.7 

6 08 

6 10 

12-02 

687 

6 08 

6 10 

12-02 

63 7 

6 09 

6 09 

12-00 

58.7 

6 09 

6 09 

604 

6 11 

12-07 

756 

6 03 

6 11 

12-08 

70 6 

6 03 

6 11 

12-08 

65 6 

6 03 

6 12 

12-09 

606 

6 03 

6 12 

600 

6 12 

12-12 

77.6 

5 59 

6 13 

12-14 

72.6 

5 58 

6 14 

12-16 

67.6 

5 57 

6 15 

12-18 

62.6 

5 57 

6 15 

557 

6 12 

12-15 

79 5 

5 55 

6 14 

12-19 

74.5 

5 53 

6 16 

12-23 

69.5 

5 51 

6 18 

12-27 

64 5 

5 50 

6 19 

5 53 

6 12 

12-19 

81.1 

5 50 

6 15 

12-25 

764 

5 48 

6 18 

12-30 

71.4 

5 45 

6 21 

12-36 

66 4 

5 44 

6 22 

5 49 

6 13 

12-24 

83 3 

5 46 

6 17 

12-31 

783 

5 42 

6 20 

12-38 

73.3 

5 39 

6 24 

12-45 

68 3 

5 37 

6 26 

546 

6 14 

12-28 

85.1 

5 42 

6 18 

12-36 

80 1 

5 38 

6 22 

12-44 

75.1 

5 33 

6 27 

12-54 

70.1 

531 

6 29 

5 43 

6 15 

12-32 

86.9 

5 38 

6 20 

12-42 

81 9 

5 33 

6 25 

12-47 

76.9 

5 28 

6 30 

13-02 

71.9 

5 26 

6 32 

540 

6 16 

12-36 

88.5 

5 35 

6 21 

12-46 

83 5 

5 29 

6 27 

12-58 

78.5 

523 

6 33 

13-10 

73.5 

5 20 

6 36 

5 38 

6 17 

12-39 

89.9 

5 32 

6 23 

12-51 

85.1 

5 25 

6 30 

13-05 

80.1 

5 18 

6 37 

13-19 

75.1 

5 15 

640 

5 35 

6 18 

12-43 

890 

5 28 

6 25 

12-57 

866 

5 21 

6 32 

13-11 

81.6 

5 14 

6 40 

13-26 

76.6 

5 10 

644 

5 33 

6 20 

12-47 

87.7 

5 26 

6 27 

13-01 

87 9 

5 18 

6 35 

13-17 

82.9 

5 10 

6 43 

13-33 

77.9 

5 06 

6 47 

5 32 

6 21 

12-49 

86.4 

5 24 

6 29 

13-05 

892 

5 16 

6 37 

13-21 

84 2 

5 07 

6 46 

13-39 

79.2 

5 03 

6 50 

5 30 

6 23 

12-53 

85.3 

5 22 

6 31 

13-09 

89.7 

5 13 

6 40 

13-27 

85.3 

504 

6 49 

13-45 

80.3 

500 

6 53 

5 30 

6 24 

12-54 

84 3 

5 21 

6 33 

13-12 

893 

5 11 

6 42 

13-31 

86 3 

5 01 

6 52 

13-51 

81.3 

4 57 

6 57 

5 29 

6 26 

12-57 

83.5 

5 20 

6 35 

13-15 

885 

5 10 

6 45 

13-35 

87.1 

5 00 

6 55 

13-55 

82.1 

4 55 

700 

5 29 

6 27 

12-58 

82.9 

5 20 

6 37 

13-17 

879 

5 10 

6 47 

13-37 

87 7 

4 59 

6 58 

13-59 

82.7 

4 54 

7 03 

5 29 

6 29 

13-00 

82.4 

5 20 

6 38 

13-18 

87 4 

5 09 

6 49 

13-40 

88.2 

4 58 

7 00 

14-02 

83.2 

4 53 

7 05 

5 30 

6 30 

13-00 

82.0 

5 20 

6 40 

13-20 

870 

5 09 

651 

13-42 

88 6 

4 58 

7 02 

14-04 

83.6 

4 53 

7 07 

5 31 

6 31 

13-00 

81.9 

5 21 

6 41 

13-20 

869 

5 10 

6 52 

13-42 

88.7 

4 59 

7 04 

14-05 

83.7 

4 54 

7 09 

5 32 

6 33 

13-01 

81.9 

5 22 

6 42 

13-20 

86 9 

5 11 

6 53 

13-42 

88.7 

5 00 

7 04 

14-04 

83 7 

4 55 

7 10 

5 33 

6 33 

13-00 

82.1 

5 23 

6 43 

13-20 

87 1 

5 12 

6 54 

13-42 

88.5 

5 01 

7 05 

14-04 

83 5 

4 56 

7 10 

5 34 

6 34 

13-00 

82.4 

5 25 

6 43 

13-18 

874 

5 14 

6 54 

13-40 

88.2 

5 03 

7 05 

14-02 

83 2 

4 58 

7 10 

5 36 

6 34 

12-58 

83.0 

5 27 

6 43 

13-16 

88.3 

5 17 

6 53 

13-36 

87.6 

5 06 

7 04 

13-58 

82.6 

5 01 

7 09 

5 37 

6 34 

12-57 

1 1 C4 

83.7 

5 28 

6 43 

13-15 

88.-/ 

5 18 

LM 

13-35 

86.9 

5 08 

7 03 

13-55 

81.9 

At 1 J 

5 03 

7 08 

7 fK 

5 40 6 32 12-52 85 5 

S iO 

5 32 

6 42 
640 

13—12 
13-08 

§9.5 

89.9 


• > 1 1J-J1 

6 49 13-26 

86.1 
85 1 

5 H 

5 14 

3 0) 

6 58 

1G4 ioi 1 

510 

702 

5 42 

6 30 

12-48 

86.6 

5 34 

6 38 

13-04 

89.0 

5 26 s 

6 46 

13-20 

84 0 

5 17 


13-38 

79.0 

5 13 

6 59 

5 43 

629 

12-46 

87 8 

5 36 

6 36 

13-00 

87 8 

5 28 

644 

13-16 

82.8 

5 20 

6 52 

13-32 

77.8 

5 16 

6 56 

5 44 

6 26 

12-42 

89 1 

5 33 

6 33 

12-55 

86.4 

5 31 

6 40 

13-09 

81.4 

5 23 

6 48 

13-25 

764 

5 19 

6 51 

5 45 

6 24 

12-39 

89 9 

5 39 

6 30 

12-51 

84.9 

5 33 

6 36 

13-03 

79.9 

5 26 

6 43 

13-17 

74.9 

5 23 

6 46 

5 46 

6 21 

12-35 

88.3 

5 41 

6 26 

12-45 

83.3 

5 35 

6 32 

12-57 

78.3 

5 29 

6 38 

13-09 

73.3 

5 26 

6 41 

5 47 

6 18 

12-31 

86.7 

5 42 

6 23 

12-41 

81.7 

5 37 

6 28 

12-51 

76.7 

5 32 

6 33 

13-01 

71.7 

5 30 

6 35 

5 47 

6 14 

12-27 

84.9 

5 4? 

6 18 

12-35 

79.9 

5 39 

6 22 

12-43 

74.9 

5 34 

6 27 

12-53 

69.9 

5 32 

6 29 

5 48 

6 11 

12-23 

83.2 

544 

6 14 

12-30 

78.2 

5 41 

6 17 

12-36 

73.1 

5 37 

6 21 

12-44 

68 1 

5 35 

623 

5 48 

6 07 

12-19 

81.3 

5 46 

6 10 

12-24 

76.3 

5 43 

6 12 

12-29 

71.3 

5 40 

6 IS 

12-35 

66.3 

5.39 

6 16 

5 49 

6 03 

12-14 

794 

5 47 

6 05 

12-18 

74.4 

5 45 

6 07 

12-22 

69.4 

5 43 

6 09 

12-26 

64.4 

5 42 

6 10 

5 49 

600 

12-11 

77 5 

5 48 

6 01 

12-13 

725 

5 47 

6 02 

12-15 

67.5 

5 46 

6 03 

12-17 

62 5 

5 45 

6 03 

5 49 

5 56 

12-07 

756 

5 49 

5 56 

12-07 

70.6 

5 49 

5 56 

12-07 

65 6 

5 48 

5 57 

12-09 

60.6 

5 48 

557 

5 49 

5 53 

12-04 

73.6 

5 50 

5 52 

12-02 

686 

5 50 

5 51 

12-01 

63 4 

5 51 

5 50 

11-59 

58.4 

5 51 

550 

5 50 

5 49 

11-59 

71.7 

5 51 

5 47 

11-56 

66.7 

5 52 

5 46 

11-54 

61.7 

5 54 

544 

11-50 

56.7 

5 54 

544 

5 50 

5 45 

11-55 

69.7 

5 52 

5 43 

11-51 

647 

5 54 

541 

11-47 

59.7 

5 57 

5 38 

11-41 

54.7 

5 58 

5 37 

5 51 

5 42 

11-51 

67.8 

5 54 

5 39 

11-45 

62.8 

5 57 

5 36 

11-39 

57 8 

600 

5 33 

11-33 

52 8 

6 01 

5 31 

5 52 

5 39 

11-47 

66 0 

5 56 

5 35 

11-39 

61.0 

5 59 

531 

11-32 

55.0 

6 03 

5 27 

11-24 

51.0 

6 05 

5 25 

5 53 

5 36 

11-43 

64.2 

5 57 

5 32 

11-35 

59.2 

6 01 

5 27 

11-26 

54.2 

6 06 

5 22 

11-16 

49.2 

6 08 

5 20 

5 54 

5 33 

11-39 

62.5 

5 59 

5 28 

11-29 

57.5 

604 

5 23 

11-19 

52.5 

6 10 

5 17 

11-07 

47.5 

6 12 

5 15 

5 56 

5 32 

11-36 

608 

6 02 

5 26 

11-24 

558 

6 08 

5 20 

11-12 

50.8 

6 14 

5 13 

10-59 

45.8 

6 17 

5 10 

5 58 

5 30 

11-32 

59.3 

604 

5 23 

11-19 

543 

6 11 

5 16 

11-05 

49.3 

6 18 

5 09 

10-51 

44.3 

6 21 

506 

5 59 

5 28 

11-29 

57.8 

6 06 

5 21 

11-15 

52.8 

6 14 

5 14 

11-00 

47.8 

6 22 

506 

10-44 

42.8 

6 26 

5 02 

6 02 

5 28 

11-26 

56.5 

6 10 

5 20 

11-10 

51 5 

618 

5 12 

10-54 

46 5 

6 2b 

5 04 

10-38 

41.5 

6 30 

500 

6 05 

5 27 

11-22 

55.3 

6 13 

5 19 

11-06 

50 3 

6 21 

511 

10-50 

45 3 

6 30 

5 02 

10-32 

40.3 

6 34 

4 58 

6 07 

5 28 

11-21 

54.3 

6 16 

5 19 

11-03 

493 

6 25 

5 10 

10-45 

44 3 

6 34 

500 

10-26 

39.3 

6 38 

4 56 

6 10, 

5 29 

11-19 

53.5 

6 19 

5 20 

11-01 

»8.5 

6 28 

5 10 

10-42 

43 5 

6 38 

5 OC 

10-22 

38.5 

6 43 

4 55 

6 13 

5 29 

11-16 

52.8 

6 22 

5 20 

10-58 

47.8 

6 32 

5 10 

10-38 

42.8 

6 42 

500 

10-18 

37.8 

6 47 

4 55 

6 16 

531 

11-15 

52.3 

6 25 

5 22 

10-57 

47.3 

6 35 

512 

10-37 

42.3 

6 46 

5 01 

10-15 

37.3 

6 51 

4 56 

6 19 

5 33 

11-14 

52.0 

6 28 

5 24 

10-56 

470 

6 38 

5 13 

10-35 

42.0 

6 49 

5 02 

10-13 

37.0 

6 54 

4 57 

6 21 

5 35 

11-14 

51.9 

6 31 

5 26 

10-55 

46 9 

6 41 

5 16 

10-35 

41.9 

6 52 

5 05 

10-13 

36.9 

6 57 

5 00 

6 23 

5 38 

11-15 

51.9 

6 33 

5 29 

10-56 

469 

6 43 

518 

10-35 

41 9 

6 54 

5 07 

10-13 

36.9 

6 59 

5 02 

6 26 

5 41 

11-15 

52.2 

6 35 

5 32 

10-57 

47 2 

6 45 

5 22 

10-37 

42.2 

6 56 

5 11 

10-15 

37.2 

7 01 

506 


32 

: N. 

34 

3 N. 

34° 

N. 

Dura- 

Sun's 



Dura- 

Sun '1 

tion of 

Noon 

Rise 

Set 

tion of 

Non m 

Day 

Ht 



Day 

Hr. 

h m. 

0 

h. m. 

h m. 

h. m. 

0 

10-05 

35 2 

7 06 

5 01 

09-55 

33 2 

10-08 

35 5 

7 07 

5 05 

09-58 

33 5 

10-12 

36 4 

7 07 

509 

10-02 

34 

10-18 

37 2 

7 06 

5 M 

10-08 

35 2 

10-23 

38 3 

7 04 

5 19 

10-15 

36 3 

10-29 

39 3 

7 02 

5 24 

10-22 

37 3 

10-37 

40.7 

6 58 

5 29 

10-31 

38 T 

10-45 

42.1 

6 55 

5 34 

10-39 

40.1 

10-53 

43.7 

651 

5 38 

10-47 

41.7 

11-03 

45 3 

6 46 

5 43 

10-57 

43 3 

11-12 

47.1 

6 41 

5 48 

11-07 

45 1 

11-20 

48 9 

6 35 

5 52 

11-17 

46 9 

11-30 

50.7 

6 29 

557 

11-28 

48 7 

11-40 

52.7 

6 23 

6 01 

11-38 

50.7 

11-50 

54 6 

6 16 

6 04 

11-48 

52 6 

12-00 

56.7 

6 10 

6 08 

11-58 

54 7 

12-09 

58 6 

6 03 

6 12 

12-09 

56 6 

12-18 

606 

5 56 

6 16 

12-20 

58.6 

12-29 

62 5 

5 49 

6 20 

12-31 

605 

12-38 

64 4 

| 5 43 

6 23 

12—40 

62 4 

12-49 

66 3 

| 5 36 

6 27 

12-51 

64 3 

12-58 

68 1 

1 5 25 

6 31 

13-02 

66 1 

13-06 

69 9 

5 23 

6 35 

13-12 

67 9 

13-16 

71.5 

5 17 

6 39 

13-22 

69 5 

13-25 

73.1 

5 12 

6 43 

13-31 

71.1 

13-34 

74 6 

5 07 

6 47 

13-40 

72.6 

13-41 

759 

5 02 

6 51 

13-49 

73.9 

13—47 

77.2 

4 58 

6 54 

13-56 

75 2 

13-5: 

78 3 

4 55 

6 58 

14-03 

76 3 

14—CK 

79 3 

4 52 

7 02 

14-10 

77.3 

14-0! 

80 1 

4 50 

7 05 

14-15 

78.1 

14-07 

80.7 

4 49 

7 08 

14-19 

78.7 

14-12 

81.2 

4 48 

7 10 

14-22 

79 2 

14-14 

81.6 

4 48 

7 12 

14-24 

79.6 

14-15 

81 7 

4 49 

7 14 

14-25 

79.7 

14-15 

81 7 

4 50 

7 15 

14-25 

79.7 

14-14 

81 5 

4 51 

7 15 

14-24 

79.5 

14-12 

81.2 

4 53 

7 15 

14-22 

79.2 

14-08 

80.6 

4 56 

7 14 

14-18 

78 6 

14-05 

U Ss 

79.9 

1 4 58 

7 13 

7 jo 

14-15 

/ M 

77.9 
72.7 , 

11=51 

7T0 

5 09 

707 

703 

14-02 

13-54 

750 

13-40 

75.8 

5 12 

6 59 

13-47 

73 8 

13-32 

74 4 

5 16 

6 54 

13-38 

72.4 

13-23 

72.9 

5 20 

6 49 

13-29 

70.9 

13-15 

71 3 

523 

6 44 

13-21 

693 

13-05 

69 7 

5 27 

6 38 

13-11 

67.7 

12-57 

67 9 

5 30 

6 31 

13-01 

65.9 

12-48 

66.1 

5 34 

6 25 

12-51 

64.1 

12-37 

64 3 

5 38 

6 17 

12-39 

62.3 

12-28 

624 

5 41 

6 11 

12-30 

60.4 

12-18 

60 5 

544 

604 

12-20 

585 

12-09 

58 6 

5 48 

5 57 

12-09 

56.6 

11-59 

56.4 

5 52 

5 50 

11-58 

544 

11-50 

54.7 

5 55 

5 43 

11-48 

52.7 

11-39 

52.7 

5 59 

5 36 

11-37 

50.7 

11-30 

50 8 

6 02 

5 30 

11-28 

48 8 

11-20 

49.0 

6 07 

5 24 

11-17 

47 0 

11-12 

47 2 

6 11 

5 18 

11-07 

45.2 

11-03 

45.5 

6 15 

512 

10-57 

♦3 5 

10-53 

43.8 

6 20 

5 07 

10-47 

41.8 

10-45 

42.3 

6 24 

5 03 

10-39 

403 

10-36 

40.8 

6 29 

4 59 

10-30 

38 8 

10-30 

39.5 

6 33 

4 56 

10-23 

37.5 

10-24 

383 

6 38 

4 53 

10-15 

363 

10-18 

37.3 

6 43 

4 52 

10-09 

35 3 

10-12 

36.5 

6 48 

4 50 

10-02 

34.5 

10-08 

358 

6 52 

4 50 

09-58 

33 8 

10-05 

353 

6 56 

4 51 

09-55 

333 

10-03 

35.0 

6 59 

4 52 

09-53 

33 0 

10-03 

34.9 

7 02 

4 55 

09-53 

32.9 

10-03 

34.9 

7 04 

4 57 

09-53 

32.9 

10-05 

35.2 

706 

5 01 

09-55 

33.2 




TITUDES 



42 ° N 


Dura- Sun's 
Rise Set tion of Noon 
Day Ht. 


Dura- Sun’s 
tion of Noon 
Day Ht. 


Dura- Sun's 
tion of Noon 
Day Ht. 


Dura- Sun's 
Rise Set tion of Noon 
Day Ht. 


Dura- Sun's 
Rise Set tion of Noon 
Day Ht. 


Dura- Sun's 
Rise Set tion of Noon 
Day Ht. 


o- Sun's 
of Noon 


Dura- Sun's 
tion of Noon 
Day Ht. 


ju n > 

Honof Noon 
D °V Ht. 


h. rn. H. m. h. m. o 
7 51 4 16 06-25 19.2 

7 50 4 21 08-31 19.5 

7 48 4 28 08—40 20.4 

7 46 4 34 08-48 21.2 

7 42 4 41 08-59 22.3 

7 37 4 49 09-12 23.3 

7 31 4 57 09-26 24.7 

7 25 5 05 09-40 26.1 

7 17 5 12 09-55 27.7 

7 09 5 21 10-12 29.3 

7 00 5 29 10-29 31.1 

6 51 5 36 10-45 32.9 

6 42 5 44 11-02 34.7 

6 32 5 52 11-20 36.7 

6 22 5 59 11-37 38.6 

6 12 6 06 11-54 40.7 

6 01 6 14 12-13 42.6 

5 51 6 21 12-30 44.6 

5 41 6 28 12-47 46.5 

5 30 6 36 13-06 48.4 

5 20 6 43 13-23 50.3 

5 11 6 50 13-39 52.1 

5 01 6 57 13-56 53.9 

4 52 7 05 14-13 55.5 

4 43 7 12 14-29 57.1 

4 36 7 18 14-42 58.6 

4 28 7 26 14-58 59.9 

4 21 7 32 15-11 61.2 

4 15 7 39 15-24 62.3 

4 10 7 44 15-34 63.3 

4 05 7 50 15-45 64.1 

4 02 7 55 15-53 64.7 

4 00 7 58 15-58 65.2 

3 59 8 01 16-02 65 6 

3 59 8 03 16-04 65.7 

4 00 8 04 16-04 65.7 

4 02 8 04 16-02 65.5 

4 06 8 03 15-57 65.2 

4 09 8 01 15-52 64.6 

4 14 7 57 15—43 63.9 

4 20 7 52 15-22 62.1 

4 25 7 47 15-22 62.1 

4 32 7 40 15-08 61.0 

4 38 7 34 14-56 59.8 

4 45 7 25 14-40 58.4 

4 51 7 17 14-26 56.9 

4 58 7 09 14-11 55.3 

5 05 6 59 13-54 53.7 

5 12 6 50 13-38 51.9 

5 19 6 40 13-21 50.1 

5 26 6 29 13-03 48.3 

5 33 6 19 12-46 46.4 

5 39 6 09 12-30 44.5 

5 46 5 58 12-12 42.6 

5 54 5 47 11-53 40.4 

6 00 5 37 11-37 38.7 

6 07 5 28 11-21 36.7 

6 15 5 17 11-02 34.8 

6 22 5 08 10-46 33.0 

6 30 4 59 10-29 31.2 

6 37 4 50 10-13 29.5 

6 45 4 41 09-56 27.8 

6 53 4 34 09-41 26.3 

7 00 4 27 09-27 24.8 

7 08 4 21 09-13 23.5 

7 16 4 16 09-00 22.3 

7 23 4 12 08—49 21.3 

7 29 4 09 08-40 20.5 

7 35 4 07 08-32 19.8 

7 40 4 06 08-26 19.3 

7 45 4 07 08-22 19.0 

7 48 4 08 08-20 18.9 

7 50 4 12 08-22 18.9 

7 51 4 16 08-25 19.2 


h. m. h. m. h m q 

7 59 4 08 08-09 17.2 

7 58 4 13 08-15 17.5 

7 56 4 20 08-24 18 4 

7 53 4 27 08-34 19.2 

7 48 4 34 08-46 20.3 

7 43 4 43 09-00 21.3 

7 37 4 51 09-14 22.7 

7 30 5 00 09-30 24.1 

7 22 5 08 09-46 25.7 

7 13 5 17 10-04 27.3 

7 04 5 25 10-21 29.1 

6 54 5 34 10—40 30.9 

6 44 > 42 10-58 32.7 

6 33 5 50 M-17 34.7 

6 23 5 58 1-35 36 6 

6 12 6 06 11-54 38.7 

6 01 6 14 12-13 40 6 

5 50 6 22 12-32 42.6 

5 39 6 30 12-51 44.5 

5 28 6 38 18-10 46 4 

5 18 6 46 13-28 48 3 

5 08 6 54 13-46 50.1 

4 57 7 01 14-04 51.9 

4 48 7 09 14-21 53.5 

4 38 7 17 14-39 55.1 

4 30 7 24 14-54 56.6 

4 22 7 32 15-10 57.9 

4 14 7 39 15-25 59.2 

4 08 7 46 15-38 60.3 

4 02 7 52 15-50 61.3 

3 57 7 58 16-01 62.1 

3 54 8 03 16-09 62.7 

3 51 8 07 16-16 63.2 

3 50 8 10 16-20 63.6 

3 50 8 12 16-22 63.7 

3 51 8 13 16-22 63.7 

3 53 8 13 16-20 63.5 

3 57 8 11 16-14 63.2 

4 01 8 09 16-08 62.6 

4 06 8 05 15-59 61.9 

4 12 8 00 15-18 61.1 

4 18 7 54 15-36 60 1 

4 25 7 47 15-22 59.0 

4 32 7 40 15-08 57.8 

4 39 7 31 14-52 56.4 

4 46 7 22 14-36 54.9 

4 54 7 13 14-19 53.3 

5 01 7 03 14-02 51.7 

5 08 6 53 13-45 49.9 

5 16 6 42 13-26 48.1 

5 24 6 31 13-07 46.3 

5 31 6 21 12-50 44.4 

5 38 6 10 12-32 42.5 

5 46 5 58 12-12 40.6 

5 54 5 47 11-53 38.4 

6 01 5 36 11-35 36.7 

6 09 5 26 11-17 34.7 

6 17 5 15 10-58 32.8 

6 25 5 05 10-40 31.0 

6 33 4 55 10-22 29.2 

6 41 4 46 10-05 27.5 

6 50 4 37 09—47 25.8 

6 58 4 29 09-31 24.3 

7 06 4 21 09-15 22.8 

7 14 4 15 09-01 21.5 

7 22 4 09 08-47 20.3 

7 30 4 05 08-35 19.3 

7 37 4 01 08-24 18.5 

7 43 3 59 08-16 17.8 

7 48 3 58 08-10 17.3 

7 53 3 59 08-06 17.0 

7 56 4 00 08-04 16.9 

7 58 4 04 08-06 16.9 

7 59 4 08 08-09 17.2 


h.m. h.m. h. m. o 

7 42 4 24 08-42 21.2 

7 42 4 29 08-47 21.5 

7 41 4 35 08-54 22.4 

7 39 4 41 09-02 23.2 

7 35 4 48 09-13 24.3 

7 31 4 55 09-24 25 3 

7 25 5 02 09-37 26.7 

7 20 5 10 09-50 28.1 

7 12 5 17 10-05 29.7 

7 05 5 24 10-19 31.3 

6 57 5 32 10-35 33.1 

6 48 5 39 10-51 34.9 

6 39 5 46 11-07 36.7 

6 31 5 53 11-22 38.7 

6 21 6 00 11-39 40.6 

6 11 6 07 11-56 42.7 

6 02 6 14 12-12 44.6 

5 52 6 20 12-28 46.6 

5 42 6 27 12-45 48.5 

5 33 6 34 13-01 50.4 

5 23 6 40 13-17 52.3 

5 14 6 47 13-33 54.1 

5 05 6 54 13-49 55.9 

4 57 7 00 14-03 57.5 

4 48 7 07 14-19 59.1 

4 41 7 13 14-32 60.6 

4 34 7 19 14-45 61.9 

4 28 7 25 14-57 63.2 

4 22 7 32 15-10 64.3 

4 17 7 37 15-20 65.3 

4 14 7 41 15-27 66.1 

4 11 7 46 15-35 66.7 

4 09 7 49 15-40 67.2 

4 08 7 52 15-44 67.6 

4 08 7 54 15-46 67.7 

4 09 7 55 15-46 67.7 

4 11 7 55 15-44 67.5 

4 15 7 54 15-39 67.2 

4 18 7 52 15-34 66.6 

4 22 7 49 15-27 65.9 

4 27 7 45 15-18 65.1 

4 32 7 40 15-08 64.1 

4 39 7 33 14-54 63.0 

4 44 7 27 14-43 61.8 

4 50 7 20 14-30 60.4 

4 56 7 12 14-16 58.9 

5 03 7 04 14-01 57.3 

5 09 6 55 13-46 55.7 

5 15 6 47 13-32 53.9 

5 22 6 37 13-15 52.1 

5 28 6 27 12-59 50.3 

5 34 6 18 12—44 48.4 

5 40 6 08 12-28 46 5 

5 47 5 58 12-11 44.6 

5 53 5 48 11-55 42.4 

5 59 5 38 11-39 40.7 

6 06 5 29 11-23 38.7 

6 13 5 20 11-07 36.8 

6 19 5 11 10-52 35.0 

6 27 5 02 10-35 33.2 

6 34 4 54 10-20 31.5 

6 40 4 46 10-06 29.8 

6 48 4 39 09-51 28.3 

6 55 4 33 09-38 26.8 

7 02 4 27 09-25 25.5 

7 09 4 23 09-14 24.3 

7 16 4 19 09-03 23.3 

7 22 4 16 08-54 22.5 

7 28 4 15 08-47 21.8 

7 32 4 14 08-42 21.3 

7 36 4 15 08-39 21.0 

7 39 4 17 08-38 20.9 

7 41 4 20 08-39 20.9 

7 42 4 24 08-42 21.2 


h.m. h.m. h. m. 0 

7 35 4 31 08-56 23.2 

7 35 4 36 09-01 23.5 

7 34 4 42 09-08 24.4 

7 32 4 48 09-16 25.2 

7 29 4 54 09-25 26.3 

7 25 5 01 09-36 27.3 

7 20 5 07 09-47 28.7 

7 15 5 14 09-59 30.1 

7 08 5 21 10-13 31.7 

7 01 5 28 10-27 33.3 

6 54 5 35 10-41 35.1 

6 46 5 41 10-55 36.9 

6 37 5 48 11-11 38.7 

6 29 5 55 11-26 40.7 

6 20 6 01 11-41 42.6 

6 11 6 07 11-56 44 7 

6 02 6 14 12-12 46 6 

5 52 6 20 12-28 48.6 

5 44 6 25 12-41 50.5 

5 35 6 32 12-57 52.4 

5 25 6 38 13-13 54.3 

5 17 6 44 13-27 56.1 

5 09 6 50 13-41 57.9 

5 01 6 56 13-55 59.5 

4 53 7 02 14-09 61.1 

4 46 7 08 14-22 62.6 

4 40 7 13 14-33 63.9 

4 34 7 19 14-45 65.2 

4 29 7 25 14-56 66.3 

4 24 7 30 15-06 67.3 

4 21 7 34 15-13 68.1 

4 18 7 38 15-20 68.7 

4 17 7 42 15-25 69.2 

4 16 7 44 15-28 69.6 

4 17 7 46 15-29 69.7 

4 18 7 46 15-28 69 7 

4 20 7 47 15-27 69.5 

4 22 7 46 15-24 69.2 

4 25 7 45 15-20 68.6 

4 29 7 42 15-13 67.9 

4 34 7 38 15-04 67.1 

4 39 7 33 14-54 66 1 

4 45 7 27 14-42 65.0 

4 50 7 22 14-32 63.8 

4 55 7 15 14-20 62.4 

5 01 7 08 14-07 60.9 

5 07 7 00 13-53 59.3 

5 13 6 52 13-39 57.7 

5 18 6 44 13-26 55.9 

5 24 6 35 13-11 54.1 

5 30 6 25 12-55 52.3 

5 36 6 16 12-40 50.4 

5 41 6 07 12-26 48.5 

5 47 5 58 12-11 46.6 

5 53 5 48 11-55 44.4 

5 59 5 39 11-40 42.7 

6 04 5 31 11-27 40.7 

6 11 5 22 11-11 38.8 

6 17 5 13 10-56 37.0 

6 24 5 05 10-41 35.2 

6 30 4 58 10-28 33.5 

6 36 4 50 10-14 31.8 

6 43 4 44 10-01 30.3 

6 50 4 38 09—48 28.8 

6 56 4 33 09-37 27.5 

7 03 4 29 09-26 26.3 

7 09 4 25 09-16 25.3 

7 15 4 23 09-08 24.5 

7 21 4 22 09-01 23.8 

7 25 4 21 08-56 23.3 

7 29 4 22 08-53 23.0 

7 32 4 24 08-52 22.9 

7 34 4 27 08-53 22.9 

7 35 4 31 08-56 23.2 


m o h. m h. m. h. m. o h. m. h. m. h. m. o 

55 33 2 7 11 4 56 09-45 31.2 7 16 4 51 09-35 29 2 

58 33 5 7 12 5 00 09-48 31.5 7 17 4 55 09-38 29.5 

02 34 4 7 12 5 04 09-52 32.4 7 17 4 59 09-42 30 4 

08 35 2 7 10 5 09 09-59 33.2 7 15 5 04 09-49 31.2 

15 36 3 7 08 5 15 10-07 34 3 7 13 5 10 09-57 32 3 

22 37 3 7 06 5 20 10-14 35 3 7 11 5 15 10-04 33 3 

31 38.7 7 02 5 25 10-23 36 7 7 07 5 21 10-14 34 7 

39 40.1 6 59 5 30 10-31 38.1 7 02 5 27 10-25 36.1 

47 41 7 6 54 5 35 10-41 39.7 6 57 5 32 10-32 37.7 

57 43.3 6 48 5 41 10-53 41.3 6 51 5 38 10-t7 39.3 

07 45.1 6 43 5 46 11-03 43.1 6 46 5 43 10-57 41.1 

17 46.9 6 37 5 50 11-13 44 9 6 39 5 48 11-09 42.9 

28 48 7 6 31 5 55 11-24 46.7 6 32 5 54 11-22 44 7 

38 50 7 6 24 5 59 11-35 48 7 6 25 5 58 11-33 46.7 

48 52 6 6 16 6 04 11-48 50.6 6 17 6 03 11-46 48.6 

58 54 7 6 10 6 08 11-58 52.7 6 10 6 08 11-58 50.7 

09 56 6 6 03 6 12 12-09 54.6 6 02 6 13 12-11 52.6 

20 58.6 5 56 6 16 12-20 56 6 5 55 6 17 12-22 54.6 

31 60 5 5 48 6 21 12-33 58.5 5 47 6 22 12-35 56.5 

-40 62 4 5 41 6 25 12-44 60.4 5 40 6 26 12-46 58.4 

51 64.3 5 34 6 29 12-55 62 3 5 32 6 31 12-59 60.3 

-02 66 1 5 27 6 33 13-06 64.1 5 24 6 36 13-12 62.1 

12 67 9 5 21 6 37 13-16 65 9 5 18 6 40 13-22 63.9 

■22 69 5 5 14 6 42 13-28 67.5 5 11 6 45 13-34 65.5 

-31 71 1 5 08 6 46 13-38 69.1 5 05 6 49 13-44 67.1 

-40 72 6 5 03 6 51 13-48 70 6 4 59 6 54 13-55 68 6 

-49 73 9 4 58 6 55 13-57 71.9 4 54 6 59 14-05 69.9 

-56 75 2 4 54 6 58 14-04 73.2 4 49 7 03 14-14 71.2 

-03 76 3 4 50 7 03 14-13 74.3 4 45 7 08 14-23 72.3 

-10 77.3 4 47 7 07 14-20 75.3 4 42 7 12 14-30 73.3 

-15 78 1 4 45 7 10 14-25 76.1 4 40 7 15 14-35 74.1 

-19 78 7 4 43 7 13 14-30 76.7 4 38 7 18 14-40 74.7 

-22 79 2 4 42 7 16 14-34 77.2 4 37 7 22 14-45 75.2 

-24 79 6 4 42 7 18 14-36 77.6 4 36 7 24 14-48 75.6 

-25 79.7 4 43 7 20 14-37 77.7 4 37 7 26 14-49 75.7 

-25 79.7 4 44 7 21 14-37 77.7 4 38 7 26 14-48 75.7 

-24 79.5 4 45 7 21 14-36 77.5 4 40 7 27 14-47 75.5 

-22 79.2 4 48 7 21 14-33 77.2 4 42 7 26 14-44 75.2 

-18 78 6 4 50 7 19 14-29 76 6 4 45 7 25 14-^40 74.6 

-15 77 9 4 53 7 18 14-25 75.9 4 48 7 23 14-35 73.9 

31 ^' ^ ItS M 

-54 75 0 5 05 7 07 14-02 7J O 5 00 7 12 14-12 71.0 

47 73 8 5 08 7 03 13-55 71 8 5 04 7 08 14-04 6* 8 

-38 72.4 5 12 6 58 13-46 70 4 5 09 7 02 13-53 68 .4 

29 70 9 5 16 6 53 13-37 68 9 5 13 6 56 13-43 66.9 

21 69 3 5 20 6 47 13-27 67.3 5 17 6 50 13-33 65.3 

?l 67.7 5 25 6 40 13-15 65.7 5 22 6 43 13-21 63.7 

>1 65.9 5 28 6 33 13-05 63.9 5 26 6 36 13-10 61.9 

1 64.1 5 32 6 27 12-55 62.1 5 30 6 28 12-58 60.1 

9 62 3 5 36 6 19 12-43 60.3 5 35 6 20 12^*5 58.3 

O 60.4 5 40 6 12 12-32 58.4 5 39 6 13 12-34 56.4 

O 58 5 5 44 6 04 12-20 56.5 5 43 6 05 12-22 54.5 

> 56 6 5 48 5 57 12-09 54.6 5 47 5 57 12-10 52.6 

* 54 4 5 52 5 50 11-58 52.4 5 52 5 49 11-57 50.4 

K 52.7 5 55 5 43 11-48 50.7 5 56 5 42 11-46 48.7 

50.7 6 00 5 35 11-35 48.7 6 01 5 34 11-33 46.7 

48 8 6 04 5 28 11-24 46.8 6 05 5 27 11-22 44.8 

47.0 6 09 5 22 11-13 45.0 6 10 5 20 11-10 43.0 

45.2 6 13 5 16 11-03 43.2 6 16 5 13 10-57 41.2 

13.5 6 1 7 5 1 0 1 0-53 41.5 6 20 5 07 1 0-47 39.5 

41.8 6 23 5 04 10-41 39.8 6 25 5 01 10-35 37.8 

40.3 6 28 4 59 10-31 38.3 6 31 4 56 10-25 36.3 

38.8 6 33 4 55 10-22 36.8 6 36 4 51 10-15 34.8 

37.5 6 37 4 52 10-12 35.5 6 42 4 47 10-05 33.5 

36.3 6 42 4 49 10-07 34.3 6 47 4 44 09-57 32.3 

35.3 6 47 4 47 10-00 33.3 6 52 4 42 no *0 31.3 

34.5 6 53 4 46 09-53 32.5 a 58 4 41 09-43 30.5 ‘ 

33 8 6 57 4 45 09^18 31.8 7 02 4 40 Q?-38 29.8 

33.3 7 01 4 46 09-45 31.3 7 06 4 41 09-35 29.3 

33 0 7 04 4 47 09-43 31.0 7 10 4 42 09-32 29.0 

32.9 7 07 4 49 09-12 30.9 7 12 4 44 09-32 28.9 

32.9 7 09 4 52 09-43 30.9 7 15 4 47 09-32 28.9 

33.2 7 11 4 56 09-45 31.2 7 16 4 51 09-35 29.2 


h. m. h. m. h. m. o 

7 28 4 38 09-10 25.2 

7 28 4 43 09-15 25.5 

7 28 4 48 09-20 26.4 

7 26 4 53 09-27 27.2 

7 24 4 59 09-35 28.3 

7 20 5 06 09-46 29.3 

7 15 5 12 09-57 30.7 

7 10 5 19 10-09 32.1 

7 04 5 25 10-21 33.7 

6 58 5 31 10-33 35.3 

6 51 5 38 10-47 37.1 

6 43 5 44 11-01 38.9 

6 36 5 50 11-14 40.7 

6 28 5 56 11-28 42.7 

6 19 6 02 11-43 44.6 

6 10 6 08 11-58 46.7 

6 02 6 13 12-11 48.6 

5 53 6 19 12-26 50.6 

5 45 6 24 12-39 52.5 

5 36 6 30 12-54 54.4 

5 28 6 35 13-07 56.3 

5 20 6 41 13-21 58.1 

5 12 6 47 13-35 59.9 

5 04 6 52 13-48 61.5 

4 58 6 57 13-59 63.1 

4 51 7 03 14-12 64.6 

4 45 7 08 14-23 65.9 

4 39 7 14 14-35 67.2 

4 34 7 19 14—45 68.3 

4 31 7 23 14-52 69.3 

4 28 7 27 14-59 70.1 

4 25 7 31 15-06 70.7 

4 24 7 35 15-11 71.2 

4 23 7 37 15-14 71.6 

4 24 7 39 15-15 71.7 

4 25 7 39 15-14 71.7 

4 27 7 40 15-13 71.5 

4 29 7 39 15-10 71.2 

4 32 7 38 15-06 70.6 

4 36 7 35 14-59 69.9 

4 40 7 31 14-51 69.1 

4 45 7 27 14-42 68.1 

4 50 7 22 14-32 67.0 

4 55 7 17 14-22 65.8 

5 00 7 10 14-10 64.4 

5 05 7 04 13-59 62.9 

5 10 6 57 13-47 61.3 

5 16 6 49 13-33 59.7 

5 21 6 41 13-20 57.9 

5 26 6 32 13-06 56.1 

5 31 6 24 12-53 54.3 

5 37 6 15 12-38 52.4 

5 42 6 06 12-24 50.5 

5 47 5 57 12-10 48.6 

5 52 5 49 11-57 46.4 

5 58 5 40 11-42 44.7 

6 03 5 32 11-29 42.7 

6 09 5 23 11-14 40.8 

6 14 5 16 11-02 39.0 

6 21 5 08 10-47 37.2 

6 27 5 01 10-34 35.5 

6 33 4 54 10-21 33.8 

6 39 4 48 10-09 32.3 

6 45 4 43 09-58 30.8 

6 51 4 38 09-47 29.5 

6 58 4 34 09-36 28.3 

7 03 4 31 09-28 27.3 

7 09 4 30 09-21 26.5 

7 14 4 29 09-15 25.8 

7 18 4 28 09-10 25.3 

7 22 4 29 09-07 25.0 

7 25 4 31 09-06 24.9 

7 27 4 34 09-07 24.9 

7 28 4 38 09-10 25.2 


. >2 4 49 27.2 

! II jj$ I 

J 1 5 7 31.3 

L ,0 -°« 

* *» lolU \t' 

t5« 5 35 J 0 I 4 ? Ill 

’ll 5 I 0-53 39.1 

t" 5 «« 11-05 40.9 

‘g I!? ] >-18 42.7 

fn "-31 44.7 

’ ««» M8 48 7 

*8 ®'| itfi 50:6 

5’ 4 12-24 52.6 

Vi 7 2—37 54.5 

Vi 12-50 56 4 
2 Vd 3-0 * 58 3 

J 38 13-16 60.1 

1! I 43 13-28 61.9 

- 08 6 48 13-40 63.5 

\ fi Hi 13-51 65.1 

55 Sa! 14-03 666 

52 2 03 14-13 67.9 

In ??5 14-23 69 2 

4 1? 2!2 14-33 70.3 

l 17 14—40 71.3 

434 7 21 14-47 72.1 

In 2 24 14-52 72.7 

451 ll 8 14-57 73.2 

4 30 7 30 15-00 73.6 

4 \\ 7 32 15-01 73.7 

4 32 7 32 15-00 73.7 

4 34 7 33 14-59 73.5 

4 36 7 32 14-56 73.2 

4 39 7 31 14-52 72.6 

4 43 .7 28 14-45 71.9 

tcf 14-39 71.1 

J H 7 21 14—30 70.1 

4 $5 7 17 14-22 69.0 

5 00 7 12 14-12 67.8 

5 05 7 06 14-01 66.4 

5 09 7 00 13-51 64.9 

5 14 6 53 13-39 63.3 

5 19 6 46 13-27 61.7 

5 24 6 38 13-14 59.9 

5 28 6 30 13-02 58.1 

5 33 6 22 12-49 56.3 

5 38 6 14 12-36 54.4 

5 43 6 06 12-23 52.5 

5 47 5 57 12-10 50.6 

5 52 5 49 11-57 48.4 

5 57 5 41 11-44 46.7 

6 02 5 33 11-31 44.7 

6 07 5 25 H-18 42.8 

6 12 5 18 11-06 41.0 

6 18 5 11 10-53 39.2 

6 23 5 04 1 0-4 1 37.5 

6 29 4 58 1 0-29 35.8 

6 35 4 52 10-17 34.3 

6 40 4 47 10-07 32.8 

6 46 4 43 09-57 31.5 

6 52 4 40 09-48 30.3 

6 57 4 37 09-40 29.3 

7 03 4 36 09-33 28.5 

7 08 4 35 09-27 27.8 

7 12 4 35 09-23 27.3 

7 16 4 36 09-20 27.0 

7 18 4 38 09-20 26.9 

7 21 4 41 09-20 26.9 

7 22 4 45 09-23 27.2 
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Jon. 1,... 

8 08 

3 58 
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15.2 

8 19 

3 48 

07-29 

13.3 

8 32 

3 35 

07-03 

11.3 

8 46 

3 21 

06-35 

9.3 

6 ... 

8 08 

4 04 

07-56 

15.5 

8 18 

3 54 

07-36 

13.6 

8 30 

3 42 

07-12 

11.6 

8 44 

3 28 

06-44 

9.6 

11... 

8 05 

4 11 

08-06 

16.4 

8 15 

4 01 

07-46 

14.5 

8 27 

3 50 

07-23 

12.5 

8 40 

3 36 

06-56 

10.5 

16.... 

8 02 

4 18 

08-16 

17.2 

8 11 

4 09 

07-58 

15.3 

8 22 

3 58 

07-36 

13.3 

8 34 

3 46 

07-12 

11.3 

21.... 

7 57 

4 26 

08-29 

18.3 

8 05 

4 18 

08-13 

16.4 

8 15 

4 08 

07-53 

14.4 

8 27 

3 57 

07-30 

12.4 

26.... 

7 50 

4 35 

08-45 

19.3 

7 59 

4 27 

08-28 

17.4 

8 08 

4 18 

08-10 

15.4 

8 18 

4 08 

07-50 

13.4 

31.... 

7 43 

4 44 

09-01 

20.7 

7 51 

4 37 

08-46 

18.7 

7 59 

4 29 

08-30 

16.8 

8 08 

4 20 

08-12 

14.8 

Feb. 5... 

7 36 

4 54 

09-18 

22.1 

7 42 

4 47 

09-05 

20.1 

7 49 

4 40 

08-51 

18.1 

7 58 

4 32 

08-34 

16.2 

10.... 

7 27 

5 03 

09-36 

23.7 

7 33 

4 57 

09-24 

21.7 

7 39 

4 51 

09-12 

19.7 

7 46 

4 44 

08-58 

17.8 

15... 

7 17 

5 12 

09-55 

25.3 

7 22 

5 07 

09-45 

23.3 

7 28 

5 02 

09-34 

21.3 

7 34 

4 56 

09-22 

19.3 

20 ... 

7 07 

5 22 

10-15 

27.1 

7 12 

5 17 

10-05 

25.1 

7 16 

5 13 

09-57 

23.1 

7 22 

5 07 

09-45 

21.1 

25.... 

6 57 

531 

10-34 

28.9 

7 00 

5 27 

10-27 

26.9 

7 04 

5 23 

10-19 

24.9 

7 09 

5 19 

10-10 

22.9 

Mor. 2.... 

6 46 

5 40 

10-54 

30.7 

6 49 

5 37 

10-48 

28.7 

6 52 

5 34 

10-42 

26.7 

6 55 

531 

10-36 

24.7 

7.... 

6 35 

5 49 

11-14 

32.7 

6 37 

5 47 

11-10 

30.7 

6 39 

5 45 

11-06 

28.7 

6 42 

5 42 

11-00 

26.7 

a 1 

6 24 

5 57 

11-33 
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11-29 
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12-37 
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6 26 

12-39 

36.6 

5 46 

6 27 

12-41 

34.6 

Apr. 1.... \ 

5 38 

6 32 

12-54 

42.5 

5 36 

6 34 

12-58 

40.5 

5 34 

6 36 

13-02 

38.5 

5 31 

6 38 

13-07 

36.5 

o... 

5 26 

6 40 

13-14 

44.4 

1 5 23 

6 43 

13-20 

42.4 

5 20 

6 46 

13-26 

40.4 

5 17 

6 50 

13-33 

38.4 

n ... 

5 15 

6 49 

13-34 

46.3 1 

5 11 

6 52 

13—41 

44.3 

5 08 

6 56 

13-48 

42.3 

5 03 

7 01 

13-58 

40.3 

16... 1 

5 04 

6 58 

13-54 

48.1 

5 00 

7 02 

14-02 

46.1 

4 55 

7 06 

14-11 

44.1 

4 50 

7 12 

14-22 

42.1 

21.... 

4 53 

7 06 

14-13 

49.9 

4 48 

7 11 

14-23 

47.9 

4 42 

7 17 

14-35 

45.9 

4 36 

7 23 

14-47 

43.9 

26.... 

4 42 

7 14 

14-32 

51.5 

4 37 

7 20 

14-43 

49.5 

4 30 

7 27 

14-57 

47.5 

4 23 

7 34 

15-11 

45.5 

May 1.... 

4 32 

7 23 

14-51 

53.1 

4 26 

7 30 

15-04 

51.1 

4 18 

7 37 

15-19 

49.1 

4 10 

7 45 

15-35 

47.1 

6 .... 

4 23 

7 31 

15-08 

54.6 

4 16 

7 39 

15-23 

52.6 

4 07 

7 47 

15-40 

50.6 

3 58 

7 56 

15-58 

48.6 

11.... 

4 14 

7 39 

15-25 

55.9 

4 06 

7 48 

15-42 

53.9 

3 57 

7 57 

16-00 

51.9 

3 46 

8 07 

16-21 

49.9 

16.... 

4 06 

7 47 

15-41 

57.2 

3 57 

7 56 

15-59 

55.2 

3 47 

8 06 

16-19 

53.2 

3 36 

8 18 

16-42 

51.2 

21.... 

3 59 

7 55 

15-56 

58.3 

3 49 

8 04 

16-15 

56.3 

3 38 

8 15 

16-37 

54.3 

3 26 

8 28 

17-02 

52.3 

26.... 

3 53 

8 02 

16-09 

59.3 

3 42 

8 12 

16-30 

57.3 

3 31 

8 24 

16-53 

55.3 

3 17 

8 37 

17-20 

53.3 

31.... 

3 48 

8 08 

16-20 

60.1 

3 37 

8 19 

16-42 

58.1 

3 24 

8 31 

17-07 

56.1 

3 10 

8 46 

17-36 

54.1 

June 5.... 

3 44 

8 13 

16-29 

60.7 

3 32 

8 25 

16-53 

58.7 

3 19 

8 38 

17-19 

56.7 

3 04 

8 53 

17—49 

54.7 

10.... 

3 41 

8 18 

16-37 

61.2 

3 29 

8 30 

17-01 

59.2 

3 15 

8 43 

17-28 

57.2 

2 59 

8 59 

18-00 

55.2 

15.... 

3 39 

8 21 

16-42 

61.6 

3 27 

8 33 

17-06 

59.6 

3 13 

8 47 

17-34 

57.6 

2 56 

9 04 

18-08 

55.6 

20.... 

3 39 

8 23 

16-44 

61.7 

3 27 

8 36 

17-09 

59.7 

3 12 

8 50 

17-38 

57.7 

2 56 

9 07 

18-11 

55.7 

25.... 

3 40 

8 24 

16-44 

61.7 

3 28 

8 36 

17-08 

59.7 

3 14 

8 51 

17-37 

57.7 

2 57 

9 07 

18-10 

55.7 

30.... 

3 43 

8 24 

16-41 

61.5 

3 30 

8 36 

17-06 

59.5 

3 16 

8 50 

17-34 

57.5 

3 00 

9 06 

18-06 

55.5 

July 5.... 

3 46 

8 22 

16-36 

61.2 

3 34 

8 34 

17-00 

59.2 

3 21 

8 47 

17-26 

57.2 

3 05 

9 03 

17-58 

55.2 

10.... 

3 51 

8 19 

16-28 

60.6 

3 39 

8 30 

16-51 

58.6 

3 26 

8 43 

17-17 

56.6 

3 11 

8 58 

17-47 

54.6 

15.... 

3 56 

8 14 

16-18 

59.9 

3 45 

8 25 

16-40 

57.9 

3 33 

8 38 

17-05 

55.9 

3 18 

8 52 

17-34 

53.9 

20.... 

4 02 

8 09 

16-07 

59.1 

3 52 

8 19 

16-27 

57.1 

3 41 

831 

16-50 

55.1 

3 27 

8 44 

17-17 

53.1 

25.... 

4 09 

8 02 

15-53 

58.1 

4 00 

8 12 

16-12 

56.1 

3 49 

8 23 

16-34 

54.1 

3 36 

8 35 

16-59 

52.1 

30.... 

4 17 

7 55 

15-38 

57.0 

4 08 

8 04 

15-56 

55.0 

3 58 

8 14 

16-16 

53.0 

3 46 

8 25 

16-39 

51.0 

Aug. 4.... 

4 24 

7 47 

15-23 

55.8 

4 16 

7 55 

15-39 

53.8 

4 07 

8 04 

15-57 

51.8 

3 57 

8 14 

16-17 

49.8 

9.... 

4 32 

7 38 

15-06 

54.4 

4 25 

7 45 

15-20 

52.4 

4 17 

7 53 

15-36 

50.4 

4 08 

8 02 

15-54 

48.4 

14.... 

4 40 

7 28 

14-48 

52.9 

4 34 

7 35 

15-01 

50.9 

4 26 

7 42 

15-16 

48.9 

4 18 

7 50 

15-32 

46.9 

19.... 

4 48 

7 18 

14-30 

51.3 

4 43 

7 24 

14-41 

49.3 

4 36 

7 30 

14-54 

47.3 

4 29 

7 37 

15-08 

45.3 

24.... 

4 57 

7 08 

14-11 

49.7 

4 52 

7 12 

14-20 

47.7 

4 46 

7 18 

14-32 

45.7 

4 40 

7 24 

14-44 

43.7 

29.... 

5 05 

6 56 

13-51 

47.9 

5 00 

7 00 

14-00 

45.9 

4 56 

7 05 

14-09 

43.9 

4 51 

7 10 

14-19 

41.9 

Sept. 3.... 

5 13 

6 45 

13-32 

46.1 

5 09 

6 49 

13-40 

44.1 

5 06 

6 52 

13-46 

42.1 

5 01 

6 56 

13-55 

40.1 

8 .... 

5 21 

6 34 

13-13 

44.3 

5 18 

6 36 

13-18 

42.3 

5 15 

6 39 

13-24 

40.3 

5 12 

6 42 

13-30 

38.3 

13.... 

5 29 

6 22 

12-53 

42.4 

5 27 

6 24 

12-57 

40.4 

5 25 

6 26 

13-01 

38.4 

5 23 

6 28 

13-05 

36.4 

18.... 

5 38 

6 10 

12-32 

40.5 

5 36 

6 11 

12-35 

38.5 

5 35 

6 13 

12-38 

36.5 

5 34 

6 14 

12-40 

34.5 

23.... 

5 46 

5 59 

12-13 

38.6 

5 45 

5 59 

12-14 

36.6 

5 45 

5 59 

12-14 

34.6 

5 44 

6 00 

12-16 

32.6 

28.... 

5 54 

5 47 

11-53 

36.4 

5 54 

5 46 

11-52 

34.4 

5 55 

5 46 

11-51 

32.4 

5 55 

5 46 

11-51 

30.4 

Oct. 3... 

6 02 

5 35 

11-33 

34.7 

6 03 

5 34 

11-31 

32.7 

6 05 

5 33 

11-28 

30.7 

6 06 

5 32 

11-26 

28.7 

8 ... 

6 11 

5 24 

11-13 

32.7 

6 13 

5 27. 

11-09 

30.7 

6 15 

5 20 

11-05 

28.7 

6 17 

5 18 

11-01 

26.7 

13.... 

6 19 

5 13 

10-54 

30.8 

6 22 

5 10 

10-48 

28.8 

6 25 

5 07 

10-42 

26.7 

6 28 

5 04 

10-36 

24.7 

18.... 

6 28 

5 02 

10-34 

29.0 

6 31 

4 58 

10-27 

27.0 

6 35 

4 55 

10-20 

25.0 

6 39 

4 50 

10-11 

23.0 

23.... 

6 37 

4 51 

10-14 

27.2 

6 41 

4 47 

10-06 

25.2 

6 45 

4 42 

09-57 

23.2 

6 51 

4 37 

09-46 

21.2 

28.... 

6 46 

4 41 

09-55 

25.5 

651 

4 36 

09—45 

23.5 

6 56 

431 

09-35 

21.5 

7 02 

4 24 

09-22 

19.5 

Nov. 2.... 

6 55 

4 32 

09-37 

23.8 

7 00 

4 26 

09-26 

21.8 

7 07 

4 20 

09-13 

19.8 

7 14 

4 12 

08-58 

17.8 

7.... 

7 04 

4 23 

09-19 

22.3 

7 10 

4 16 

09-06 

20.3 

7 17 

4 09 

08-52 

18.3 

7 26 

4 01 

08-35 

16.4 

12.... 

7 13 

4 15 

09-02 

20.8 

7 20 

4 08 

08-48 

18.8 

7 28 

3 59 

08-31 

16.9 

7 37 

3 50 

08-13 

14.9 

17.... 

7 22 

4 08 

08-46 

19.5 

7 29 

400 

08-31 

17.6 

7 38 

3 51 

08-13 

15.6 

7 48 

3 40 

07-52 

13.6 

22... 

7 30 

4 01 

08-31 

18.3 

7 39 

3 53 

08-14 

16.4 

7 48 

3 43 

07-55 

14.4 

8 00 

3 32 

07-32 

12.4 

27.... 

7 38 

3 56 

08-18 

17.3 

7 47 

3 47 

08-00 

15.4 

7 58 

3 36 

07-38 

13.4 

8 10 

3 24 

07-14 

11.4 

Dec. 2... 

7 46 

3 52 

08-06 

16.5 

7 56 

3 42 

07-46 

14.6 

8 07 

3 31 

07-24 

12.6 

8 20 

3 18 

06-58 

10.6 

7.... 

7 52 

3 50 

07-58 

15.8 

8 03 

3 39 

07-36 

13.9 

8 14 

3 27 

07-13 

11.9 

8 28 

3 14 

06-46 

9.9 

12... 

7 58 

3 48 

07-50 

15.3 

8 09 

3 38 

07-29 

13.4 

8 21 

3 25 

07-04 

11.4 

8 35 

3 11 

06-36 

9.4 

17.... 

8 03 

3 49 

07-46 

15.0 

8 14 

3 38 

07-24 

13.1 

8 26 

3 25 

06-59 

11.1 

8 41 

3 10 

06-29 

9.1 

22.... 

806 

3 50 

07-44 

14.9 

8 17 

3 39 

07-22 

13.0 

8 30 

3 27 

0&-57 

11.0 

8 45 

3 12 

06-27 

9.0 

27.... 

8 08 

3 54 

07-46 

14.9 

8 19 

3 43 

07-24 

13.0 

8 32 

3 30 

06-58 

11.0 

8 46 

3 15 

06-29 

9.0 

Jan. h... 

1 8 08 

3 58 

07-50 

15.2 

8 19 

3 48 

07-29 

13.3 

8 32 

3 35 

07-03 

11.3 

8 46 

3 21 

06-35 

9.3 


Rise 


h. m. 
9 03 
9 00 
8 55 
8 48 
8 40 
8 30 
8 19 

8 07 
7 55 
7 41 
7 28 
7 14 

6 59 
6 44 
6 29 

bli 
5 59 
5 44 

5 29 
5 14 
4 59 
4 44 
4 29 
4 15 
4 01 
3 47 
3 34 
3 22 
3 11 
3 01 
2 52 

2 45 
2 40 
2 36 
2 35 
2 36 
2 40 

2 45 

2 52 

3 01 
3 11 
3 22 
3 33 

3 45 

3 57 

4 09 
4 21 
4 33 
4 45 

4 57 

5 08 
5 20 
5 32 
5 44 

5 56 

6 08 
6 19 
6 32 

6 44 
6 56 

7 09 

7 22 
7 35 

7 48 

8 00 
8 12 
8 24 

8 35 
8 44 

8 52 
8 58 

9 02 
904 

9 03 


60° n 


Set 


h. m. 
3 04 
3 12 
3 21 
3 32 
3 44 

3 56 

4 09 

4 22 
4 35 

4 49 

5 02 
5 H 

5 27 
5 40 

5 52 

6 04 
6 17 
6 29 

6 41 

6 53 

7 06 
7 18 
7 30 
7 42 

7 55 

8 07 
8 20 
831 
8 43 

8 54 
904 

9 12 
9 19 
9 24 
9 27 
9 28 
9 26 

9 23 
9 17 
9 09 
9 00 
8 50 
8 38 

8 26 
8 13 
7 59 
7 45 
7 31 
7 16 

7 01 
6 46 
631 
6 15 
6 00 
5 45 
5 30 
5 15 
5 00 
4 46 
4 31 
4 18 

4 04 
3 52 
3 40 
3 28 
3 19 
3 10 

3 03 
2 57 
2 54 
2 53 
2 54 
2 58 

304 


Dur °- Sun'. 
*0" of ^ 

Hi. 


Day 


h. m. 
06-01 
06-12 
06-26 
06-44 
07-04 i 
07-26 i 
07-50 1 

08-15 
08-40 
09-08 
09-34 
10-00 

10-28 

10-56 


85 


TT 

12-18 

12- 45 

13- 12 

13- 39 

14- 07 

14- 34 

15- 01 
15-27 


62° N. 

62° 

N. 



Dura- 

Sun's 

Rise 

Set 

tion of 

Noon 



Day 

Ht. 

h. m. 

h. m. 

h. m 

o 

9 24 

2 43 

05-19 

5.4 

9 20 

2 52 

05-32 

5.7 

9 13 

3 03 

05-50 

6.5 

9 05 

3 15 

06-10 

7.3 

8 55 

3 28 

06-33 

8.4 

43 

3 42 

06-59 

9.4 

831 

3 57 

07-26 

10.8 

1 * 18 

4 11 

07-53 

12.2 


4 26 

08-22 

13.8 


4 41 

08-52 

15.4 

l\Ui 

4 55 

09-21 

17.1 

7,1 

509 

09-51 

18.9 

M 7 03 

5 23 

10-20 

20.7 

•7 1 6 47 

5 37 

10-50 

22.7 

4 \ 

S5A 

\l-2fi 

24.6 


JV/.U 

32.6 

34.5 

36.4 
38.3 
40.1 
41.9 

43.5 


15- 54 45.1 

16- 20 46.6 

16- 46 47.9 

17- 09 49.2 

17-32 50.3 

17-53 51.3 


18-12 

18-27 
18-39 
18-T8 
18-52 
18-52 
18-46 

18-38 

18-25 

18-08 

17-49 

17-28 

17-05 

16-41 

16-16 

15-50 

15-24 

14-58 

14-31 

14-04 

13-38 

13-11 

12-43 

12-16 

11-49 

11-22 

10-56 

10-28 

10-02 

09-35 

09-09 

08-42 

08-17 

07-52 

07-28 

07-07 

06-46 

06-28 

06-13 

06-02 

05-55 

05-52 

05-54 

06-01 


52.1 

52.7 

53.2 

53.6 

53.7 

53.7 

53.5 

53.2 

52.6 
51.9 

51.1 

50.1 
49.0 

47.8 

46.4 

44.9 

43.3 

41.7 

39.9 

38.1 

36.3 

34.4 

32.5 

30.6 

28.4 

26.7 

24.7 

22.7 
21.0 

19.2 

17.5 

15.9 

14.4 

12.9 

11.6 

10.4 

9.4 
8.6 
7.9 

7.4 
7.1 


32.5 

34.4 
36.3 
38.1 
39.9 

41.5 


oi* I/-50 26./ 

U! <1? 12-20 286 

542 6 31 12-49 30.6 

525 6 45 1 3-20 

509 6 58 13-49 

*53 7 11 14-18 

4 37 7 2 5 1 4-48 

421 7 39 15-18 

405 7 53 15-48 

350 
3 35 
3 20 
306 
2 53 
241 
231 


221 


331 


8 :f 

8f f 

q ff 

Ijj 


8 07 

16-17 

43.1 

8 20 

16-45 

44.6 

8 34 

17-14 

45.9 

8 48 

17-42 

47.2 

9 01 

18-08 

48.3 

9 14 

18-33 

49.3 

9 26 

18-55 

50.1 

9 36 

19-14 

50.7 

9 44 

19-29 

51.2 

9 50 

19-39 

51.6 

9 54 

19-45 

51.7 

9 54 

19-44 

51.7 

9 52 

19-38 

51.5 

9 47 

19-26 

51.2 

9 39 

19-10 

50.6 

9 30 

18-50 

49.9 

9 19 

18-27 

49.1 

9 07 

18-03 

48.1 

8 53 

17-36 

47.0 

8 39 

17-08 

45.8 

8 25 

16-41 

44.4 

809 

16-11 

42.9 

7 54 

15-42 

41.3 

7 38 

15-13 

39.7 

722 

14-44 

37.9 

706 

14-15 

36.1 

6 50 

13-46 

34.3 

6 33 

13-16 ’ 

32.4 

617 

12-47 

30.5 

6 01 

12-18 

28.6 

5 44 

11-48 

26.4 

5 28 

11-19 

24.7 

512 

10-49 

22.7 

4 56 

10-20 

20.7 

440 

09-50 

19.0 

4 25 

09-22 

17.2 

409 

08-52 

15.5 

3 55 

08-23 

13.9 

341 

07-55 

12.4 

3 27 

07-27 

10.9 

315 

07-01 

9.6 

3 03 

06-35 

8.4 

2 53 

06-12 

7.4 

2 44 

05-50 

6.6 

2 38 

05-34 

5.9 

2 33 

05-20 

5.5 

2 3 2 

05-12 

5.2 

2 32 

05-08 

5.1 

2 36 

05-11 

5.1 

2 43 

05-19 

5.4 



64° N. 


64° N. 


Dura- Sun's 


Day Ht. 


66 

N. 

66° 

N. 



Dura- 

Sun's 

Rise 

Set 

tion of 

Noon 



Day 

Ht. 

h. m. 

h. m. 

h. m. 

0 

10 30 

1 37 

03-07 

1.6 

10 20 

1 52 

03-32 

2.0 

10 08 

2 09 

04-01 

2.7 

9 53 

2 27 

04-34 

3.4 

9 37 

2 46 

05-09 

4.5 

9 21 

3 05 

05-44 

5.4 

9 03 

3 25 

06-22 

6.8 

8 46 

3 44 

06-58 

8.2 

8 28 

4 02 

07-34 

9.8 

8 09 

4 21 

08-12 

11.4 

7 51 

4 39 

08-48 

13.2 

7 32 

4 56 

09-24 

14.9 

7 13 

5 13 

10-00 

16.7 

6 54 

5 30 

10-36 

18.7 

6 35 

5 47 

11-12 

20.6 

6 \6 

6 03 

11-47 

22.7 

5 57 

6 20 

12-23 

24.6 

5 37 

6 36 

12-59 

26.6 

5 18 

6 52 

13-34 

28.5 

4 59 

7 09 

14-10 

30.4 

4 39 

7 25 

14-46 

32.3 

4 20 

7 42 

15-22 

34.1 

4 00 

8 00 

16-00 

35.9 

3 41 

8 17 

16-36 

37.5 

3 21 

8 36 

17-15 

39.1 

3 02 

8 54 

17-52 

40.6 

2 42 

9 14 

18-32 

41.9 

2 22 

9 34 

19-12 

43.2 

2 02 

9 54 

19-52 

44.3 

1 42 

10 16 

20-34 

45.3 

1 21 

10 38 

21-17 

46.1 

0 59 

11 02 

22-03 

46.7 

0 33 

11 31 

22-58 

47.2 

Sun 

rises 

24-00 

47.6 

June 13; 

24-00 

47.7 

does not set 

24-00 

47.7 

until July 1. 

24-00 

47.5 

0 40 

11 23 

22-43 

47.2 

1 07 

10 59 

21-52 

46.6 

1 30 

10 37 

21-07 

45.9 

1 52 

10 17 

20-25 

45.1 

2 13 

9 56 

19-43 

44.1 

2 33 

9 36 

19-03 

43.0 

2 53 

9 17 

18-24 

41.8 

3 11 

8 57 

17-46 

40.4 

3 30 

8 37 

17-07 

38.9 

3 47 

8 18 

16-31 

37.3 

4 05 

7 58 

15-53 

35.7 

4 21 

7 39 

15-18 

33.9 

4 38 

7 19 

14-41 

32.1 

4 54 

7 00 

14-06 

30.3 

5 10 

6 40 

13-30 

28.4 

5 26 

6 21 

12-55 

26.5 

5 42 

6 02 

12-20 

24.6 

5 58 

5 43 

11-45 

22.4 

6 13 

5 23 

11-10 

20.7 

6 30 

5 04 

10-34 

18.7 

6 46 

4 45 

09-59 

16.7 

7 03 

4 27 

09-24 

15.0 

7 20 

4 08 

08-48 

13.2 

7 37 

3 49 

08-12 

11.5 

7 55 

3 31 

07-36 

9.9 

8 14 

3 13 

06-59 

8.4 

8 32 

2 55 

06-23 

6.9 

8 51 

2 38 

05-47 

5.6 

9 10 

2 21 

05-11 

4.4 

9 29 

2 05 

04-36 

3.5 

9 47 

1 50 

04-03 

2.8 

10 04 

1 38 

03-34 

2.1 

10 19 

1 28 

03-09 

1.7 

10 30 

1 22 

02-52 

1.4 

10 35 

1 21 

02-46 

1.3 

10 35 

1 

02-51 

1.3 

, 

m 

r 



68° N. 


68° N. 


h.m. h.m. 


Sun rises 
May 27; 
does not set 
until 'July 18. 

Sun does not 
set until 
July 18. 

0 44 11 18 
1 28 10 39 
1 58 10 10 


10 37 1 01 

11 11 1231 


Sun does not 
rise 


70 

0 N. 

o 

O 

r^ 

N. 

72 

N. 

72° 



Dura¬ 

Sun's 



Dura¬ 

Rise 

Set 

tion of 

Noon 

Rise 

Set 

tion of 



Day 

Ht. 



Day 

h. m. 

h. m. 

h. m. 


h. m. 

h. m. 

h. m. 

Sun does not 



Sun does not 


rise until 



rise 

until 


Jan. 18. 


.... 

Jan 

27. 




00-00 

o 


.... 


11 05 

1 19 

02-14 

0.8 




10 27 

1 59 

03-32 

1.6 



02-59 

9 57 

2 32 

04-35 

2.9 

1045 

1 44 

9 29 

3 00 

05-31 

4.3 

10 04 

2 26 

04-22 

9 03 

3 27 

06-24 

5.8 

9 30 

3 00 

05-30 

8 39 

3 52 

07-13 

7.4 

8 59 

3 31 

06-32 

8 14 

4 15 

08-01 

9.1 

8 31 

3 59 

07-28 

7 51 

4 38 

08-47 

10.9 

8 03 

4 25 

08-22 

7 27 

4 59 

09-32 

12.7 

7 37 

4 50 

09-13 

7 04 

5 21 

10-17 

14.7 

7 11 

5 14 

09-03 

6 41 

5 41 

11-00 

16.6 

6 45 

5 38 

10-53 

6 18 

6 02 

11-44 

18.7 

6 19 

6 01 

11-42 

5 55 

6 22 

12-27 

20.6 

5 53 

6 24 

12-31 

5 31 

6 42 

13-11 

22.6 

5 27 

6 47 

13-20 

5 08 

7 03 

13-55 

24.5 

5 01 

7 10 

14-09 

4 44 

7 24 

14-40 

26.4 

4 35 

7 34 

14-59 

4 20 

7 45 

15-25 

28.3 

4 07 

7 59 

15-52 

3 56 

8 07 

16-11 

30.1 

3 39 

8 25 

16—46 

3 31 

8 31 

17-00 

31.9 

3 09 

8 53 

17-44 

3 04 

8 55 

17-51 

33.5 

2 37 

9 24 

18-47 

2 37 

9 22 

18-45 

35.1 

2 01 

10 00 

19-59 

2 06 

9 52 

19—46 

36.6 

1 14 

10 51 

21-37 

1 31 

10 29 

20-58 

37.9 



24-00 

0 40 

11 31 

22-51 

39.2 



a 



24-00 

40.3 



a 



rr 

41.3 



a 



n 

42.1 



a 



ii 

42.7 

.... 


a 



it 

43.2 



a 

Sun 

rises 

it 

43.6 

Sun 

rises 

a 


45.7 May 17; 
45.7 does not set 

45.5 until July 28. 

45.2 Sun does not 

44.6 set until 

43.9 July 28. 

43.1 . 

42.1 

41.0 0 52 11 09 


May 9; 
does not set 
until Aug. 5. 

Sun does not 
set until 
Aug. 5. 


Sun does not 
.... I rise otter 


mm 




•' Nov * 26 . 


Sun does not 
ris« otter 
Nor. 17. 




- - • 


1 23 

10 38 

21-15 

34.4 

2 09 

9 54 

19—45 

32.9 

2 43 

9 19 

18-36 

31.3 

3 13 

8 47 

17-34 

29.7 

3 40 

8 18 

16-38 

27.9 

4 06 

7 50 

15-44 

26.1 

4 30 

7 23 

14-53 

24.3 

4 53 

6 57 

14-04 

22.4 

5 16 

6 30 

13-14 

20.5 

5 38 

6 05 

12-27 

18.6 

6 00 

5 39 

11-39 

16.4 

6 23 

5 13 

10-50 

14.7 

6 46 

4 48 

10-02 

12.7 

7 10 

4 22 

09-12 

10.7 

7 34 

3 55 

08-21 

9.0 

8 00 

3 28 

07-28 

7.2 

8 27 

2 59 

06-32 

5.5 

8 57 

2 29 

05-32 

4.0 

931 

1 55 

04-24 

2.6 

10 12 

1 15 

03-03 

1.2 

11 36 

12 53 

01-17 

0.2 
















































Noon 

Ht. 


o:-2o 0.6 

04-13 2.0 

05-35 3.5 

06-45 5.1 
07-49 6.9 

08-49 8.7 

09-47 10.7 


1129 101 01-32 

10 11 2 19 04-08 

9 22 3 08 05-46 

8 42 3 47 07-05 

8 04 4 23 08-19 

7 29 4 56 09-27 


rf ** c ?7 


6 22 5 58 11-36 12.8 
5 49 6 29 12-40 14.7 
5 16 6 59 13-43 16.7 

4 42 7 31 14-49 18.6 

4 06 8 04 15-58 20.4 

3 28 8 40 17-12 22.3 

2 46 9 21 18-35 24.1 

1 54 10 14 20-20 25.9 

0 14 23-46 27.5 

. 24-00 29.1 

30.6 

. " 31.9 

. " 33.2 

. " 34.3 

. " 35.3 

. " 36.1 

. " 36.7 

37.2 

Sun rises " 37.6 

April 26; " 37.6 

does not set " 37.7 

until Aug. 19. " 37.5 

Sun does not " 37.2 

set until “ 36.6 

Aug. 19. " 35.9 

. " 35.1 

. " 34.1 

. " 33.0 

. " 31.8 

. " 30.4 

. " 28.9 

11 15 23-15 27.3 

1 57 9 58 20-01 25.7 

2 47 9 09 18-22 23.9 

3 26 8 28 17-02 22.1 

4 01 7 50 15-49 20.3 

4 33 7 15 14-42 18.4 

5 04 6 41 13-37 16.6 

5 34 6 08 12-34 14.7 

6 04 5 35 11-31 12.5 

6 34 5 02 10-28 10.8 

7 05 4 28 09-23 8.8 

7 37 3 54 08-17 6.9 

8 12 3 17 07-05 5.2 

8 51 2 36 05-45 3.4 

9 39 1 47 04-08 1.9 

10 54 12 31 01-37 0.4 


6 00 11-40 14.7 1 

52 6 26 12-34 16.6 

22 6 52 13-30 18.6 

53 7 19 14-26 20.5 

22 7 47 15-25 22.4 

51 8 16 16-25 24.3 

17 8 48 17-31 26.1 

40 9 24 18—44 27.9 


21-54 

19-55 

18-31 

17-21 

16—17 

15-18 

14-21 

13-24 

12-30 

11-35 

10-40 

09-45 

08-48 

07-49 

06-45 

05-36 

04-15 

02-26 


v • w w tvr 1 *m 

2 11 25 22-33 

*7.^ V 1 “ . . . . 

31.1 

. . 24-00 

32.6 

H 

33.9 

II 

35.2 

•1 

36.3 . 

II 

37.3 . 

•1 

38.1 . 

II 

38.7 . 

II 

39.2 


LATITUDE BY THE DURATION OF THE DAY 

EXAMPLE 1 

On April 4, the sun peeped above the horizon at 05 hr. 44 min. A.M., and 
dropped behind the horizon at 07 hr. 44 min. P. M., giving the day's dura¬ 
tion an even 14 hours. Our watch was set to Greenwich time, although 
that is NOT necessary to compute our latitude, but is VITAL for 
longitude. 

Table A gives durations, and the nearest printed dates to April 4 are 
April 1 and April 6. Looking for the nearest durations to our measured 
value for these two dates, we find the values shown as follows in columns 

headed 66N. and 68 N. 

66 ° 68 ° 

Duration Duration 

Apr. 1 13 hr. 34 min. 13 hr. 43 min. 

Apr. 6 14 hr. 10 min. 14 hr. 24 min. 

Our time of 14 hours is somewhere between Apr. 1 and Apr. 6 and 
latitude between 66° N. and 68° N. We might expand the table thus, to 
accommodate our date of April 4. 

66° N. 68° N. 

Duration Duration 

Apr. 1 13 hr. 34 min. 13 hr. 43 min. 

2 

3 

4 .... 14 hr 00 min. - - - - 

5 

6 14 hr. 10 min. 14 hr. 24 min. 

Immediately we know we are between 66 and 68 degrees North. 

To find it more accurately, we proceed as follows: 

In the column 66° N. where the duration for 

April 1 is - > - - - - 13 hr. 34 min. 

and April 6 is . 14 hr. 10 min. 

the difference is.00 hr. 36 min. 

Our next job is to find the computed duration for latitude 66 foi 
April 4, which we can get from Table B. Entering the SIDE of the table 
at 36 minutes (the difference) to the right under the 3rd day (after 
April 1) we find 21.6 minutes. The tabulated duration for April 1 lati¬ 
tude 66° N. is 13 hr. 34 min. to which we add the 21.6 minutes, and we 
now have 13 hr. 55.6 min. duration for latitude 66° N. on April 4, our 
day. But our measured duration was 14 hours for April 4, so we must be 
farther north (as previously shown), so let us find the computed duration 
for latitude 66° N. 


From Table A for latitude 68° duration 


J. on April 1 is.13 hr. 43 min. 

^ ^ 10 30 ° and on April 6 is.14 hr. 24 min. 

and the difference is.00 hr. 41 min. 



From Table B, entering at 41 minutes on the side under the column 
for 3rd day, appears 24.6 minutes. The tabulated duration for April 1 
latitude 68° N. is 13 hours 43 minutes, to which we add the 24.6 minutes, 
and we now have 14 hours 07.6 minutes duration for Latitude 68° North 
on April 4. 




































LATITUDE BY THE DURATION OF THE DAY 


EXAMPLE 1 


On April 4, the sun peeped above the horizon at 05 hr. 44 min. Ail., and 
dropped behind the horizon at 07 hr. 44 min. P. M., giving the day’s dura¬ 
tion an even 14 hours. Our watch was set to Greenwich time, although 
that is NOT necessary to compute our latitude, but is VITAL for 
longitude. 

Table A gives durations, and the nearest printed dates to April 4 are 
April 1 and April 6. Looking for the nearest durations to our measured 
value for these two dates, we find the values shown as follows in columns 

headed 66N. and 68 N. 


66 ° 

Dural ion 

Apr. 1 13 hr. 34 min. 

Apr. 6 14 hr. 10 min. 


68 * 

Duration 

13 hr. 43 min. 

14 hr. 14 min. 


Our time of 14 hours is somewhere between Apr. 1 and Apr. 6 and 
latitude between 66° N. and 68° N. We might expand the table thus, to 
accommodate our date of April 4. 

66° N. 68® N. 

Duration Duration 

Apr. 1 13 hr. 34 min. 13 hr. 43 min. 

> 

5 

4 ... - 14 hr 00 min. * - - - 

5 

6 14 hr. 10 min. 14 hr. 14 min. 

Immediately we know we are between 66 and 68 degrees North. 

To find it more accurately, we proceed as follows: 

In the column 66° N. where the duration for 


April 1 is 
and April 6 is 


13 hr. 34 min. 

14 hr. 10 min. 


the difference is.00 hr. 36 min. 

Our next job is to find the computed duration for latitude 66 foi 
April 4, which we can get from Table B. Entering the SIDE of the table 
at 36 minutes (the difference) to the right under the 3rd day (after 
April 1) we find a 1.6 minutes. The tabulated duration for April 1 lati¬ 
tude 66° N. is 13 hr. 34 min. to which we add the a 1.6 minutes, and we 
now have 13 hr. 55.6 min. duration for latitude 66° N. on April 4, our 
day. But our measured duration was 14 hours for April 4, so we must be 
farther north (as previously shown), so let us find the computed duration 
for latitude 66° N. 

From Table A for latitude 68° duration 

on April 1 is.13 hr. 43 min. 

and on April 6 is - - - • • 14 hr. >4 min. 


and the difference is 


00 hr. 41 min. 


From Table B, entering at 41 minutes on the side under the column 
for 3rd day, appears 24.6 minutes. The tabulated duration for April 1 
latitude 68° N. is 13 hours 43 minutes, to which we add the 24.6 minutes, 
and we now have 14 hours 07.6 minutes duration for Latitude 68° North 
on April 4. 


Apr. 1 
2 


1 

i 3 

) Apr. 4 


Lot. 66 ° 
Duration 
13 hr. 34 min. 


Lot. 63 ° 
Duration 
13 hr. 43 min. 


Table B — x 1.6 min. Table B — 24.6 min. 

i 

13 hr. 55.6 min. *-{12 min. diff.)—» 14 hr. 07.6 min. 


5 

6 14 hr. 10 min. 14 hr. 24 min. 


Our day of 14 hr. 00 min. is between Latitude 66° N. and 68° N. and 
is nearer 66° N. than 68° N. 

The duration in Table A on April 4 for Latitude 66° N. is 13 hr. 55.6 
min., and on April 4 for Latitude 68° N. is 14 hr. 07.6 min. The differ¬ 
ence is 00 hr. 12.0 min. 

Our measured duration was 14 hours, our computed duration for 
April 4, Latitude 66° N. was 13 hours 55.6 minutes, and these two have 
a difference of 4.4 minutes. 

Enter top of Table D with the nearest whole number to the 4-4, or 4.0 
minutes, travel down until on a line with the 11.0 minutes difference 
(between the durations for April 4 on Latitudes 66 N.-68 N.) The value 
JL» 7 °# which wc. add to Latitude 66° N* giving our latitude of 66.7° N. 

01 ™ t?' n. “ 

B> established navigational calculations the latitude in this instance 
is 66° 53.5' N., showing an ciTor of only 12 miles by the duration method. 
Random calculations show the average accuracy of these tables to be in 
the neighborhood of 6 to 10 miles. 

Table C is included for adjustments when the measured duration 
appears to be under 30° latitude, where adjacent columns are 5 0 apart 
instead of Table D for columns 2 0 apart. The procedure for both tables 
is the same. 

Determination of latitude by duration of the day is not restricted to 
the duration between sunrise and sunset on the same day. If the sun is 
a observed when rising on the morning of one day, the time of sunset 
should be noted and the time of sunrise the next morning taken. Sub¬ 
tract the sunrise time from 12, add to the sunset time of the night before, 
and this will give sufficiently closely the duration of your day. 


LATITUDE BV THE DURATION OF THE DAY CAN NOT BE USED WITHIN 
ABOUT A WEEK BEFORE AND A WEEK AFTER MARCH 11 AND SEPTEMBER 
23 BECAUSE AT THESE TIMES WHEN THE SUN IS CROSSING THE EQUATOR 
THE DIFFERENCE IN DURATION AT VARIOUS LATITUDES IS NOT SUFFI¬ 
CIENT TO GIVE ANY PRACTICAL RESULTS. 


It is recommended that around these dates noon heights of the sun, 
the Pole Star or overhead star methods, should be used to obtain latitude. 


* Should read obteurrd instead of obterved. 
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ADJUSTMENT TABLE D FOR LATITJDES 30° TO 76° 
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0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

1.1 

1.2 

1.2 

1.3 

1.3 

1.3 

1.4 

1.4 

1.5 

1.5 

1.5 

1.6 

1.6 

1.6 

1.7 

1.7 

1.8 

1.8 

1.8 

1.9 

1.9 

2.0 

2.0 

o 

53 



0.8 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

1.2 

1.3 

1.3 

1.3 

1.4 

1.4 

15 

1.5 

1.6 

1.6 

1.6 

1.7 

1.7 

1.7 

1.8 

18 

18 

1.9 

1 9 

2 0 

2.0 

o 

54 


0.8 

0.8 

0.8 

0.9 

0.9 

09 

1.0 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

1.2 

1.3 

1.3 

1.3 

1.4 

1.4 

1.5 

1.5 

1.5 

1.6 

1.6 

1.7 

1.7 

1.7 

1.8 

1.8 

18 

1.9 

1.9 

2.0 

2.0 

e 

55 

0.7 

0.8 

0 8 

0.8 

0.9 

09 

1.0 

1.0 

1.0 

1.1 

1.1 

1.1 

1.2 

1.2 

1.2 

1.3 

1.3 

1.4 

1.4 

1.4 

1.5 

1.5 

1.5 

1.6 

1.6 

1.7 

1.7 

1.7 

1.8 

1.8 

1.9 

1.9 

1.9 

2.0 

2.0 

o 

0.7 

0.8 

0.8 

0.8 

0.9 

3.9 

0.9 

1.0 

1.0 

1.1 

1.1 

1.1 

1.2 

1.2 

1.2 

1.3 

1.3 

1.3 

1.4 

1.4 

1.5 

1.5 

1.5 

1.6 

1.6 

1.6 

1.7 

1.7 

1.7 

1.8 

18 

1.9 

1.9 

1.9 

2.0 

2.0 


k 






TABLES TO ACCOMPANY THE RAFT BOOK —G 










Interval in minutes from Table A 


B ADJUSTMENT TABLE B 
for your date 

iff . in 

T !"' Days after Printed Date 


> day 1 st 


1 

0.2 

2 

0.4 

3 

0.6 

4 

0.8 

5 

1.0 

6 

1.2 

7 

1.4 

8 

1.6 

9 

1.8 

10 

2.0 

11 

2.2 

12 

2.4 

13 

2.6 

14 

2.8 

15 

3.0 

\ c 

3.2 

17 

3.4 

18 

3.6 

19 

3.8 

20 

4.0 

21 

4.2 

22 

4.4 

23 

4.6 

24 

4.8 

25 

5.0 

26 

5.2 

27 

5.4 

28 

5.6 

29 

5.8 

30 

6.0 

31 

6.2 

32 

6.4 

33 

6.6 

34 

6.8 

<JL 

7.0 
- 7-2 

37 

tT 

38 

7.6 

39 

7.8 


8.0 

(jflL 

U 

42 

sT 

43 

8.6 

44 

8.8 

45 

9.0 

46 

9.2 

47 

9.4 

48 

9.6 

49 

9.8 

50 

10.0 

51 

10.2 

52 

10.4 

53 

10.6 

54 

10.8 

55 

11.0 

56 

11.2 

57 

11.4 

58 

11.6 

59 

11.8 

60 

12.0 

61 

12.2 

62 

12.4 

63 

12.6 

64 

12.8 

65 

13.0 

66 

13.2 

67 

13.4 

68 

13.6 

69 

13.8 

70 

14.0 


2 nd 

3 rd 

0.4 

0.6 

0.8 

1.2 

1.2 

1.8 

1.6 

Z .4 

2.0 

3.0 

2.4 

3.6 

2.8 

4.2 

3.2 

4.8 

3.6 

5.4 

4.0 

6.0 

4.4 

6.6 

4.8 

7.2 

5.2 

7.8 

5.6 

8.4 

6.0 

9.0 

TT 

9.6 

6.8 

10.2 

7.2 

10.8 

7.6 

11.4 

8.0 

12.0 

8.4 

12.6 

8.8 

13.2 

9.2 

13.8 

9.6 

14.4 

10.0 

15.0 

10.4 

15.6 

0.8 

16.2 

1.2 

16.8 

1.6 

17.4 

2.0 

18.0 

2.4 

18.6 

2.8 

19.2 

3.2 

19.8 

3.6 

20.4 

4.0 

21 Q 

4.4 

Ql‘g 

4 i 

z77 2 

15.2 

22.8 

15.6 

23.4 


16.0 24.0 

17.2 25.8 

17.6 26.4 

18.0 27.0 

18.4 27.6 

18.8 28.2 

19.2 28.8 

19.6 29.4 

20.0 30.0 

20.4 30.6 

20.8 31.2 

21.2 31.8 

21.6 32.4 

22.0 33.0 

22.4 33.6 

22.8 34.2 

23.2 34.8 

23.6 35.4 

24.0 36.0 

24.4 36.6 

24.8 37.2 

25.2 37.8 

25.6 38.4 

26.0 39.0 

26.4 39.6 

26.8 40.2 

27.2 40.8 

27.6 41.4 

28.0 42.0 


4 th 

5 th 

0.8 

lm 

1.6 

2 

2.4 

3 

3.2 

4 

4.0 

5 

4.8 

6 

5.6 

7 

6.4 

8 

7.2 

9 

8.0 

10 

8.8 

11 

9.6 

12 

10.4 

13 

11.2 

14 

12.0 

15 

12.8 

16 

13.6 

17 

14.4 

18 

15.2 

19 

16.0 

20 

16.8 

21 

17.6 

22 

18.4 

23 

19.2 

24 

20.0 

25 

20.8 

26 

21.6 

27 

22.4 

28 

23.2 

29 

24.0 

30 

24.8 

31 

25.6 

32 

26.4 

33 

27.2 

34 

28.0 

35 

28.8 

36 

29.6 

37 

30.4 

38 

31.2 

39 

32.0 

40 

32.8 

41 

33.6 

42 

34.4 

43 

35.2 

44 

36.0 

45 

36.8 

46 

37.6 

47 

38.4 

48 

39.2 

49 

40.0 

50 

40.8 

51 

41.6 

52 

42.4 

53 

43.2 

54 

44.0 

55 

44.8 

56 

45.6 

57 

46.4 

58 

47.2 

59 

48.0 

60 

48.8 

61 

49.6 

62 

50.4 

63 

51.2 

64 

52.0 

65 

52.8 

66 

53.6 

67 

54.4 

68 

55.2 

69 

56.0 

70 




i usn min uiiii mm aisi u. ss utm mis> 
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Difference in minufes for 5° of Latitude between 
adjoining vertical columns in Table A 


min. 


ADJUSTMENT TABLE C FOR LATITUDES 0° TO 30° 


m 

1 m 

O 2 

5.0 o 

2.5 5.0 

1.7 3.4 

1.3 2.6 

1.0 2.0 

0.8 1.6 

0.7 1.4 

0.6 1.2 

0.6 1.1 

0.5 1.0 

0.5 0.9 

0.4 0.8 

0.4 0.8 

0.4 0.7 

0.3 0.6 

0.3 0.6 

0.3 0.6 

0.3 0.5 

0.3 0.5 

0.3 0.5 

0.2 0.4 

0.2 0.4 

0.2 0.4 

0.2 0.4 

0.2 0.4 

0.2 0.3 


5.0 o 

4.2 5.0 

3.7 4.3 

3.4 3.9 

3.0 3.5 

2.7 3.2 

2.5 3.0 

2.3 2.7 

2.2 2.5 

2.0 2.3 

1.8 2.1 

1.8 2.1 
1.7 2.0 

1.6 1.9 
1.5 1.8 

1.4 1.6 

1.4 1.6 

1.2 1.5 

1.2 1.5 
1.2 1.4 


o v 

5.0 o 

4.5 5.0 

4.0 4.5 

3.6 4.0 

3.4 3.8 

3.0 3;4 

2.9 3.2 

2.7 3.0 

2.5 2.7 

2.4 2.7 

2.3 2.5 

2.2 2.4 

2.0 2.3 

1.9 2.1 

1.8 2.0 

1.8 2.0 
1.7 1.9 

1.6 1.8 

1.5 1.7 


o 

5.0 

4.6 

12 

o 

5.0 

m 

13 

o 

m 

14 

° 0 (/ 

m 


4.2 

4.6 

5.0 

o 

15 

IT 

w i 

4.0 

4.3 

4.7 

5.0 

o 

1< 

m 

3.7 

4.1 

4.4 

4.7 

5.0 

0 

17 

3.4 

3.7 

4.0 

4.4 

4.7 

5.0 

0 

3.2 

3.5 

3.8 

4.1 

4.4 

4.; 

5.0 

3.0 

3.3 

3.6 

3.9 

4.1 

4.4 

4.7 

2.9 

3.2 

3.5 

3.8 

4.0 

4 J 

4.5 

2.8 

3.0 

3.3 

3.5 

3.8 

4.1 

4.3 

2.6 

2.9 

3.2 

3.3 

3.6 

3J 

4.0 

2.5 

2.7 

2.9 

3.1 

3.4 

3i 

3.8 

2.4 

2.6 

2.8 

3.0 

3.3 

3J 

3.7 

2.3 

2.5 

2.7 

2.9 

3.1 

3J 

3.1 

3.5 

2.2 

2.4 

2.6 

2.8 

3.0 

3.4 

2.1 

2.3 

2.5 

2.7 

2.9 

3. 

3.2 




m SUn '>s e 


.8 

5.0 

o 

22 

m 



0.6 

4.8 

5.0 

o 

23 

m 


K3 

4.5 

4.8 

5.0 

o 

24 

m 

f.2 

4.4 

4.6 

4.8 

5.0 

o 

25 

.0 

4.2 

4.4 

4.6 

4.8 

5.0 

o 

.8 

4.0 

4.2 

4.4 

4.6 

4.8 

5.0 

.6 

3.8 

4.0 

4.2 

4.4 

4.6 

4.8 






































































































































































































































































































































A 

52 

°s. 

52° 

S. | 

54° 

S. 

54° 

S. 

56° 

S. 

56° 

s. 

58° 

s. 

58° 

s. 

60° S. 

60° S. 




Duro- 

Sun's 


• 

Duro- 

Sun's 



Dura- 

Sun's 



Dura- 

Sun's 



Dura- 

Sun's 


Rise 

Set 

tion of 

Noon 

Rise 

Set 

tion of 

Noon 

Rise 

Set 

tion of 

Noon 

Rise 

Set 

tion of 

Noon 

Rise 

Set 

tion of 

Noon 




Doy 

Ht. 



Dav 

Ht. 



Doy 

Ht. 



Doy 

Ht. 



Day 

Ht. 


h. m. 

h. m. 

h. m. 

0 

h. m. 

h. m. 

h. m. 

o 

h. m. 

h. m. 

h. m. 

o 

h. m. 

h. m. 

h. m. 

o 

h. m. 

h. m. 

h. m. 

o 

Jon. 1.... 

3 44 

8 23 

16-39 

61.4 

3 32 

8 35 

17-03 

59.4 

3 18 

8 49 

17-31 

57.4 

3 02 

9 05 

18-03 

55.4 

2 42 

9 25 

18-43 

53.4 

6.... 

3 50 

8 21 

16-31 

60.9 

3 38 

8 33 

16-55 

58.9 

3 25 

8 46 

17-21 

56.9 

3 09 

9 01 

17-52 

54.9 

2 50 

9 20 

18-30 

52.9 

11.... 

3 56 

8 18 

16-22 

60.2 

3 45 

8 29 

16-44 

58.2 

3 32 

8 42 

17-10 

56.2 

3 17 

8 57 

17-40 

54.2 

2 59 

9 14 

18-15 

52.2 

16.... 

4 05 

8 14 

16-09 

59.4 

3 55 

8 24 

16-29 

57.4 

3 43 

8 36 

16-53 

55.4 

3 29 

8 50 

17-21 

53.4 

3 13 

906 

17-53 

514 

21.... 

4 13 

8 09 

15-56 

58.3 

4 03 

8 18 

16-15 

56.3 

3 52 

8 29 

16-37 

54.3 

3 39 

8 42 

17-03 

52.3 

3 25 

8 57 

17-32 

50.3 

26.... 

4 21 

8 02 

15-41 

57.3 

4 12 

8 11 

15-59 

55.3 

4 02 

8 22 

16-20 

53.3 

3 50 

8 33 

16-43 

51.3 

3 37 

8 46 

17-09 

49.3 

31.... 

4 31 

7 54 

15-23 

55.9 

4 23 

8 02 

15-39 

53.9 

4 14 

8 11 

15-57 

51.9 

404 

8 21 

16-17 

49.9 

3 52 

8 33 

16-41 

47.9 

Feb. 5.... 

4 41 

7 47 

15-06 

54.5 

4 34 

7 54 

15-20 

52.5 

4 26 

8 02 

15-36 

50.5 

4 17 

8 11 

15-54 

48.5 

4 06 

8 22 

16-16 

46.5 

10.... 

4 50 

7 38 

14-48 

52.9 

4 44 

7 45 

15-01 

50.9 

4 36 

7 52 

15-16 

48.9 

4 28 

800 

15-32 

46.9 

4 19 

8 09 

15-50 

44.9 

15.... 

4 59 

7 29 

14-30 

51.3 

4 54 

7 35 

14-41 

49.3 

4 47 

7 41 

14-54 

47.3 

4 40 

7 48 

15-08 

45.3 

4 32 

7 $6 

15-24 

43.3 

20.... 

5 10 

7 17 

14-07 

49.5 

5 05 

7 22 

14-17 

47.5 

5 00 

7 27 

14-27 

45.5 

4 54 

7 33 

14-39 

43.5 

4 47 

7 40 

14-53 

41.5 

25.... 

5 18 

7 06 

13—48 

47.7 

5 14 

7 10 

13-56 

45.7 

5 10 

7 14 

14-04 

43.7 

5 05 

7 20 

14-15 

41.7 

4 59 

7 25 

14-26 

39.7 

Mor. 2.... 

5 27 

6 56 

13-29 

45.9 

5 24 

6 59 

13-35 

43.9 

5 21 

7 03 

13-42 

41.9 

5 17 

7 07 

13-50 

39.9 

5 12 

7 11 

13-59 

37.9 

7.... 

5 37 

6 45 

13-08 

43.9 

5 34 

6 48 

13-14 

41.9 

531 

6 50 

13-19 

39.9 

5 28 

6 54 

13-26 

37.9 

5 25 

6 57 

13-32 

35.9 

12 .... 

115 45 

6 34 

12—49 

42.0 

5 43 

6 io 

1 Z-53 

40.0 

5 41 


12-56 

38.0 

5 39 

6 -40 

13-01 


5 37 

6 42 

13-Os 

34.0 

17.... 

5 54 

6 23 

12-29 

39.9 

5 53 

6 24 

12-31 

37.9 

5 52 

6 25 

12-33 

35.9 

5 51 

6 26 

12-35 

33.9 

5 49 

6 27 

12-38 

31.9 

22.... 

6 02 

6 11 

12-09 

38.0 

6 02 

6 11 

12-09 

36.0 

6 02 

6 12 

12-10 

34.0 

6 01 

6 12 

12-11 

32.0 

6 01 

6 12 

12-11 

30.0 

27.... 

6 11 

600 

11-49 

36.0 

6 11 

5 59 

11-48 

34.0 

6 12 

5 58 

11-46 

32.0 

6 12 

5 58 

11-46 

30.0 

6 13 

5 57 

11-44 

28.0 

Apr. 1.... 

6 21 

5 46 

11-25 

34.1 

6 22 

5 44 

11-22 

32.1 

6 24 

5 43 

11-19 

30.1 

6 25 

5 41 

11-16 

28.1 

6 27 

5 39 

11-12 

26.1 

6.... 

6 29 

5 35 

11-06 

32.2 

631 

5 32 

11-01 

30.2 

6 34 

5 30 

10-56 

28.2 

6 36 

5 27 

10-51 

26.2 

6 39 

5 24 

10-45 

24.2 

11.... 

6 36 

5 26 

10-50 

30.3 

6 39 

5 23 

10-44 

28.3 

6 42 

5 20 

10-38 

26.3 

6 45 

5 16 

10-31 

24.3 

6 49 

5 12 

10-23 

22.3 

16... 

6 45 

5 15 

10-30 

28.5 

6 48 

5 11 

10-23 

26.5 

6 52 

5 07 

10-15 

24.5 

6 57 

5 03 

10-06 

22.5 

7 01 

4 58 

09-57 

20.5 

21.... 

6 52 

5 03 

10-11 

26.7 

6 57 

4 59 

10-02 

24.7 

7 02 

4 54 

09-52 

22.7 

7 07 

4 49 

09-42 

20.7 

7 13 

4 42 

09-29 

18.7 

26.... 

7 01 

4 53 

09-52 

25.1 

7 07 

4 48 

09-41 

23.1 

7 12 

4 42 

09-30 

21.1 

7 18 

4 36 

09-18 

19.1 

7 26 

4 29 

09-03 

17.2 

May 1.... 

7 09 

4 43 

09-34 

23.5 

7 15 

4 37 

09-22 

21.5 

7 22 

4 31 

09-09 

19.5 

7 29 

4 23 

08-54 

17.5 

7 37 

4 15 

08-38 

15.6 

6.... 

7 19 

4 34 

09-15 

22.0 

7 25 

4 28 

09-03 

20.0 

7 33 

4 20 

08-47 

18.0 

7 41 

4 12 

08-31 

16.1 

7 50 

4 02 

08-12 

14.1 

11.... 

7 26 

4 25 

08-59 

20.7 

7 34 

4 18 

08-44 

18.7 

7 42 

4 10 

08-28 

16.7 

7 51 

4 00 

08-09 

14.8 

8 02 

3 49 

07-47 

12.8 

16... 

7 33 

4 19 

08—46 

19.4 

7 40 

4 11 

08-31 

17.4 

7 49 

4 02 

08-13 

15.5 

7 59 

3 51 

07-52 

13.5 

8 11 

3 39 

07-28 

11.5 

21.... 

7 40 

4 11 

08-31 

18.3 

7 49 

4 03 

08-14 

16.3 

7 58 

3 53 

07-55 

14.4 

8 10 

3 42 

07-32 

12.4 

8 22 

3 29 

07-07 

10.4 

26.... 

7 47 

4 05 

08-18 

17.3 

7 56 

3 56 

08-00 

15.3 

8 07 

3 45 

07-38 

13.4 

8 19 

3 33 

07-14 

11.4 

8 33 

3 19 

06-46 

9.4 

31.... 

7 54 

4 00 

08-06 

16.5 

804 

3 50 

07-46 

14.5 

8 15 

3 39 

07-24 

12.6 

8 28 

3 26 

06-58 

10.6 

8 43 

3 11 

06-28 

8.6 

June 5.... 

7 58 

3 57 

07-59 

15.9 

8 08 

3 47 

07-39 

14.0 

8 20 

3 35 

07-15 

12.0 

8 34 

3 21 

06-47 

10.0 

8 50 

3 05 

06-15 

8.0 

10.... 

8 03 

3 55 

07-52 

15.4 

8 14 

3 44 

07-30 

13.5 

8 26 

3 32 

07-06 

11.5 

8 40 

3 17 

06-37 

9.5 

8 57 

3 01 

06-04 

7.5 

15.... 

8 07 

3 54 

07-47 

15.0 

8 18 

3 43 

07-25 

13.1 

8 30 

3 30 

07-00 

11.1 

8 45 

3 15 

06-30 

9.1 

9 02 

2 58 

05-56 

7.1 

20.... 

8 09 

3 53 

07-44 

14.9 

8 20 

3 42 

07-22 

13.0 

8 32 

3 29 

06-57 

11.0 

8 47 

3 14 

06-27 

9.0 

9 05 

2 57 

05-52 

7.0 

25.... 

8 09 

3 54 

07-45 

14.9 

8 20 

3 43 

07-23 

13.0 

8 33 

3 30 

06-57 

11.0 

8 48 

3 16 

06-28 

9.0 

906 

2 58 

05-52 

7.0 

30.... 

8 09 

3 57 

07—48 

15.1 

8 21 

3 46 

07-25 

13.2 

8 33 

3 34 

07-01 

11.2 

8 48 

3 19 

06-31 

9.2 

9 05 

3 02 

05-57 

7.2 

July 5.... 

8 08 

400 

07-52 

15.4 

8 19 

3 50 

07-31 

13.5 

8 31 

3 38 

07-07 

11.5 

8 46 

3 24 

06-38 

9.5 

9 02 

3 07 

06-05 

7.5 

10.... 

8 05 

4 05 

08-00 

16.0 

8 15 

3 54 

07-39 

14.1 

8 27 

3 43 

07-16 

12.1 

8 40 

3 29 

06-49 

10.1 

8 56 

3 13 

06-17 

8.1 

15.... 

8 01 

4 11 

08-10 

16.7 

8 11 

4 01 

07-50 

14.8 

8 22 

3 50 

07-28 

12.8 

8 35 

3 37 

07-02 

10.8 

8 49 

3 23 

06-34 

8.8 

20.... 

7 57 

4 16 

08-19 

17.5 

8 06 

4 07 

08-01 

15.6 

8 17 

3 56 

07-39 

13.6 

8 29 

3 44 

07-15 

11.6 

8 43 

3 30 

06-47 

9.6 

25.... 

7 51 

4 23 

08-32 

18.5 

7 59 

4 15 

08-16 

16.6 

8 09 

4 05 

07-56 

14.6 

8 20 

3 54 

07-34 

12.6 

8 33 

3 41 

07-08 

10.6 

30.... 

7 42 

4 30 

08-48 

19.6 

7 50 

4 22 

08-32 

17.7 

7 59 

4 13 

08-14 

15.7 

8 09 

4 03 

07-54 

13.7 

8 21 

3 52 

07-31 

11.7 

Aug. 4.... 

7 35 

4 36 

09-01 

20.8 

7 43 

4 29 

08-46 

18.8 

7 51 

4 21 

08-30 

16.9 

800 

4 12 

08-12 

14.9 

8 11 

4 01 

07-50 

12.9 

9.... 

7 27 

4 45 

09-18 

22.2 

7 33 

4 38 

09-05 

20.2 

7 40 

4 31 

08-51 

18.2 

7 49 

4 23 

08-34 

16.3 

7 58 

4 13 

08-15 

14.3 

14.... 

7 17 

4 53 

09-36 

23.7 

7 23 

4 47 

09-24 

21.7 

7 29 

4 41 

09-12 

19.7 

7 36 

4 34 

08-58 

17.8 

7 45 

4 25 

08-10 

15.8 

19 .... 

7 06 

5 01 

09-55 

25.3 

7 11 

4 56 

09-45 

23.3 

7 17 

4 51 

09-34 

21.3 

7 23 

4 45 

09-22 

19.3 

7 30 

4 38 

09-08 

17.3 

24.... 

6 58 

5 08 

10-10 

26.9 

7 02 

5 03 

10-01 

24.9 

7 07 

4 58 

09-51 

22.9 

7 12 

4 53 

09—41 

20.9 

7 18 

4 47 

09-29 

18.9 

29.... 

6 47 

5 17 

10-30 

28.7 

6 51 

5 13 

10-22 

26.7 

6 55 

5 09 

10-14 

24.7 

6 59 

5 05 

10-06 

22.7 

7 04 

500 

09-56 

20.7 

Sept. 3.... 

6 35 

5 25 

10-50 

30.4 

6 38 

5 22 

10-44 

28.4 

6 41 

5 19 

10-38 

26.4 

6 45 

5 15 

10-30 

24.4 

6 49 

5 12 

10-23 

22.4 

8.... 

6 23 

5 33 

11-10 

32.3 

6 26 

5 31 

11-05 

30.3 

6 28 

5 29 

11-01 

28.3 

6 30 

5 26 

10-56 

26.3 

6 33 

5 23 

10-50 

24.3 

13.... 

6 12 

5 42 

11-30 

34.2 

6 13 

5 40 

11-27 

32.2 

6 15 

5 39 

11-24 

30.2 

6 16 

5 37 

11-21 

28.2 

6 18 

5 36 

11-18 

26.2 

18.... 

600 

5 49 

11-49 

36.1 

600 

5 49 

11-49 

34.1 

6 01 

5 48 

11-47 

32.1 

6 01 

5 48 

11-47 

30.1 

6 02 

5 47 

11-45 

28.1 

23.... 

5 48 

5 58 

12-10 

38.0 

5 48 

5 58 

12-10 

36.0 

5 48 

5 59 

12-11 

34.0 

5 47 

5 59 

12-12 

32.0 

5 47 

5 59 

12-12 

30.0 

28.... 

5 37 

6 07 

12-30 

40.0 

5 35 

6 08 

12-33 

38.0 

5 35 

6 09 

12-34 

36.0 

5 33 

6 10 

12-37 

34.0 

5 32 

6 11 

12-39 

32.0 

Oct. 3.... 

5 27 

6 13 

12-46 

41.9 

5 26 

6 15 

12-49 

39.9 

5 24 

6 17 

12-53 

37.9 

5 22 

6 19 

12-57 

35.9 

5 20 

6 21 

13-01 

33.9 

8 .... 

5 16 

6 22 

13-06 

43.9 

5 13 

6 25 

13-12 

41.9 

5 11 

6 27 

13-16 

39.9 

5 08 

6 30 

13-22 

37.9 

5 05 

6 33 

13-28 

359 

13.... 

5 02 

6 32 

13-30 

458 

4 59 

6 35 

13-36 

43.8 

4 55 

6 39 

13-44 

41.8 

4 51 

6 43 

13-52 

39.8 

4 47 

6 48 

14-01 

37.8 

18... 

4 51 

6 41 

13-50 

47.6 

4 47 

6 45 

13-58 

45.6 

4 42 

6 49 

14-07 

43.6 

4 37 

6 54 

14-17 

41.6 

4 32 

700 

14-28 

39.6 

23.... 

4 40 

6 49 

14-09 

49.4 

4 35 

6 54 

14-19 

47.4 

4 30 

6 59 

14-29 

45.4 

4 24 

706 

14-42 

43.4 

4 17 

7 13 

14-56 

41.4 

28... 

4 30 

6 59 

14-29 

51.1 

4 25 

7 04 

14-39 

49.1 

4 19 

7 11 

14-52 

47.1 

4 12 

7 18 

15-06 

45.1 

404 

7 26 

15-22 

43.1 

Nov. 2.... 

4 20 

7 07 

14—47 

52.8 

4 14 

7 14 

15-00 

50.8 

4 07 

7 21 

15-14 

48.8 

3 59 

7 29 

15-30 

46.8 

3 50 

7 38 

15-48 

44.8 

7.... 

4 12 

7 17 

15-05 

54.3 

4 05 

7 24 

15-19 

52.3 

3 57 

7 32 

15-35 

50.3 

3 47 

7 41 

15-54 

48.3 

3 37 

7 52 

16-15 

46.3 

12.... 

4 04 

7 26 

15-22 

55.8 

3 56 

7 34 

15-38 

53.8 

3 47 

7 43 

15-56 

51.8 

3 37 

7 53 

16-16 

49.8 

3 25 

8 05 

16-40 

47 8 

17.... 

3 57 

7 35 

15-38 

57.1 

3 48 

7 43 

15-55 

55.1 

3 38 

7 53 

16-15 

53.1 

3 27 

8 05 

16-38 

51.1 

3 14 

8 18 

17-04 

49.1 

22... 

3 49 

7 45 

15-56 

58 3 

3 39 

7 54 

16-15 

56.3 

3 28 

8 05 

16-37 

54.3 

3 16 

8 18 

17-02 

52.3 

3 01 

8 33 

17-32 

50.3 

27.... 

3 44 

7 53 

16-09 

59.3 

3 33 

8 03 

16-30 

57.3 

3 22 

8 15 

16-53 

55.3 

3 08 

8 28 

17-20 

53.3 

2 52 

8 45 

17-53 

51.3 

Dec. 2.... 

3 40 

8 00 

16-20 

60.1 

3 29 

8 11 

16-42 

58.1 

3 16 

8 23 

17-07 

56.1 

3 02 

8 38 

17-36 

54.1 

2 44 

8 56 

18-12 

52.1 

7.... 

3 36 

8 07 

16-31 

60.8 

3 24 

8 19 

16-55 

58 8 

3 11 

8 32 

17-21 

56.8 

2 56 

8 48 

17-52 

54 8 

2 37 

9 07 

18-30 

52 8 

12... 

3 34 

8 12 

16-38 

61.3 

3 22 

8 24 

17-02 

59 3 

3 09 

8 38 

17-29 

57.3 

2 52 

8 55 

18 03 

55 3 

2 33 

9 14 

18-41 

53 3 

17.... 

3 35 

8 18 

16-43 

61 6 

3 23 

8 30 

17-07 

59 6 

3 09 

8 44 

17-35 

57 6 

2 52 

9 01 

18-09 

55 6 

2 32 

9 21 

1 8-49 

53 6 

22 ... 

3 36 

8 21 

16-45 

61 7 

3 24 

8 33 

17-09 

59.7 

3 10 

8 47 

17-37 

57 7 

2 53 

9 04 

18-1 1 

55 7 

2 32 

9 2 S 

) 8 53 

5 * 7 I 

27.... 1 

3 39 

8 22 

16-43 

61 7 

3 27 

8 34 

17-07 

59.7 

3 13 

8 48 

17-35 

57 7 

2 56 

9 05 

18 09 

55.7 

2 36 

9 26 

18 50 
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Difference in m,notes for 2“ of Lotitude beheeer, odj* in , ve ,ticol columns in Toble A 


2.0 


3 












1.0 

2.0 

O 

4 











07 

1.4 

2.0 


5 










0.5 

1.0 

1.5 

2.0 

O 

6 









0.4 

08 

1.2 

1 6 

2.0 


7 








0.3 

0.7 

1.0 

1.3 

1.6 

2.0 


8 







0.3 

0.6 

0.8 

1.1 

1.4 

1.7 

2.0 


9 






0.3 

0.5 

0.8 

1.0 

1.3 

1.5 

1.8 

2.0 

„ 

10 





0.2 

0.4 

0.7 

0.9 

1.2 

1.4 

1.6 

1.8 

2.0 


11 




0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2°0 

0 

12 



0.2 

0.3 

0.5 

, 0.7 

0.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

0 

13 


0-2 

03 

0-5 

cm 

0.8 

1.0 

1.1 

1.3 

1.5 

1.6 

1.8 

2.0 

0 

14 

0.2 

0.3 

0.5 

0.6 

0.8 

1.0 

1.1 

1.3 

1.5 

1.6 

1.7 

1.9 

2.0 

o 

0.1 

0.3 

0.4 

0.6 

0.7 

0.9 

1.0 

1.2 

1.4 

1.5 

1.6 

1.7 

1.9 

2.0 

0.1 

0.3 

0.4 

0 5 

0.7 

0.8 

0.9 

1.1 

1.2 

1.4 

1.5 

1.6 

1.7 

1.9 


ADJUSTMENT TABLE D FOR LATITUDES 30° TO 76° 


1.1 1.3 1.4 

1.0 1.2 1.3 

1.0 1.1 1.2 

1.0 1.1 1.2 

0.9 1.0 1.1 

Q- 3 - !- Q .lei.- 


23 

0.1 

0.2 

0.3 

04 

0.4 

0.5 

06 

0 7 

0.8 

0.8 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.8 

1.9 

2.0 

0 

24 

0.1 

0.2 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.8 

0.9 

1.0 

1.1 

1.1 

1.2 

1.3 

1.4 

1.5 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

25 

0.1 

0.2 

0.2 

0.3 

0.4 

0.5 

0.6 

0.6 

0.7 

0.8 

0.9 

0.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.4 

1.5 

1.6 

1.7 

1.8 

1.8 

1.9 

26 

0.1 

0.2 

0.2 

0.3 

0.4 

0.5 

0.5 

0.6 

0.7 

0.8 

0.8 

0.9 

1.0 

1.1 

1.1 

1.2 

1.3 

1.4 

1.5 

1.5 

1.6 

1.7 

18 

1.8 

27 

0.1 

0.2 

0.2 

0.3 

0.4 

0.5 

0.5 

0.6 

0.7 

0.7 

0.8 

0.9 

1.0 

1.0 

1.1 

1.2 

1.3 

1.3 

1.4 

1.5 

1.5 

1.6 

1.7 

1.8 

28 

0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.5 

0.6 

0.6 

0 7 

0.8 

0.9 

0,9 

10 

1 1 

1 1 

1.2 

1.3 

1.4 

1.4 

1.5 

1.6 

1.7 

1.7 

29 

0.1 

0.1 

0.2 

0.3 

0.3 

0.4 

0.5 

0.6 

0.6 

0.7 

0.8 

0.8 

0.9 

1.0 

1.0 

1.1 

1.2 

1.2 

1.3 

1.4 

1.4 

1.5 

1.6 

1.7 

30 

0.1 

0.1 

0.2 

0.3 

0.3 

0.4 

0 4 

0.5 

0.6 

0.7 

0.7 

0.8 

0.9 

0.9 

1.0 

1.1 

1.1 

1.2 

1.3 

1.3 

1.4 

1.5 

1.5 

1.6 

31 

0.1 

0.1 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.6 

0.6 

0.7 

0.8 

0.8 

0.9 

1.0 

1.0 

1.1 

1.2 

1.2 

1.3 

1.3 

1.4 

1.5 

1.5 

32 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.6 

0.6 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.1 

1.1 

1.2 

1.3 

1.3 

1 4 

1.5 

1.5 

33 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.7 

0.7 

0.8 

08 

0 9 

1.0 

1.0 

1.1 

1.2 

1.2 

1 .3 

1.3 

1.4 

1.5 

34 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.1 

1 1 

1.2 

1.2 

1.3 

1.3 

1.4 

33 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

1.2 

1.3 

1.3 

1.4 

36 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.1 

1.1 

1.2 

1.2 

1.3 

1.3 

37 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

1.3 

38 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.1 

1.1 

1.2 

1.2 

1.3 

39 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

40 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

41 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

1.2 

42 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.0 

1.1 

1.1 

43 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

44 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

1.1 

45 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.4 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.1 

46 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

1.0 

47 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

0.9 

1.0 

1.0 

48 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

0.9 

1.0 

49 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

1.0 

50 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

1.0 

51 

00 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.4 

0.4 

0.4 

0.5 

0.5 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.3 

0.9 

0.9 

0.9 

52 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

53 

0.0 

0.1 

0.1 

0.1 

0.2 

0.2 

0.3 

0.3 

0.3 

0.4 

0.4 
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TO FIND YOUR LONGITUDE 


For this purpose we can use either time of sunrise or sunset. For our 
solution we will use the time of sunrise which we obtain from Table A, 
Northern Latitudes (on the other side of this sheet). 

In the example showing how we obtain latitude by the duration of the 
day on page 101 we found our latitude to be 66.7° North for which lati¬ 
tude we will now find the local time of sunrise on April 4. 

At sunrise on the morning of April 4 we found the time on our watch, 
which was set to Greenwich time, to be 05 hours 44 minutes A.M. 

Entering Table A, Northern Latitudes (on other side) 

At Latitude 66°, April 1, sunrise is - - - 05 hr. 18 min. 

Latitude 66°, April 6, sunrise is - - - 04 hr. 59 min. 

The difference is - - - 00 hr. 19 min. 

Entering Date Adjustment Table B on the side with 19 minutes and 
under the 3rd day, we find 11.4 minutes. We subtract this from the sun¬ 
rise time of April 1 (because on April 6 the sunrise time is earlier) and 
find the sunrise time of April 4 at Latitude 66° North to be (05 hours 
18 minutes minus 11.4 minutes) 05 hours 06.6 minutes. 

Because our latitude is between 66° North and 68° North, we will now 
find sunrise time for Latitude 68° on April 4. 

Entering Table A again April 1 at Latitude 68°, 

April 1 at Latitude 68°, sunrise is - - - 05 hr. 14 min. 

and for April 6 at Latitude 68°, sunrise is - - - 04 hr. 52 min. 

The difference is - - - 22 min. 

Entering Date Adjustment.Table B again on the side with 22 minutes 
and under the 3rd day, we find 13.2 minutes. We subtract this from sun¬ 
rise time of April 1 (because on April 6 the sunrise is earlier) and find 
the sunrise time of April 4 at Latitude 66° North to be (05 hours 14 
minutes minus 13.2 minutes) 05 hours 00.8 minutes. 

We have found: 

Sunrise April 4 Latitude 66° to be 05 hr. 06.6 min. 

" “ ** " 68° '* “ 05 hr. 00.8 min. 

Difference 00 hr. 05.8 min. 

Entering side of Table D at the nearest number to 5.8 minutes, or at 
6 minutes, and proceeding to the right until we come to the nearest 
number corresponding to our latitude above 66° North (our latitude is 
66.7° North) or .7, we find ourselves in the column labeled 2 minutes 
at the top. 

Since the sunrise at 68° North is earlier than at 66° North, we subtract 

these 2.0 minutes found in Table D from the sunrise time we have just 
computed for 66° North on April 4. 


Sunrise April 4, Latitude 66° North - 05 hr. 06.6 min. 
Table D, difference.00 hr. 02.0 min. 


Local time sunrise April 4, 

Latitude 66.7° North.05 hr. 04.6 min. 

Greenwich time, sunrise April 4, 

Latitude 66.7° North (you took 

the time by your watch).05 hr. 44.0 min. 


Difference in time between Green¬ 
wich and ourselves (which is our 
longitude) is.00 hr. 39.4 min. 


If you know whether you are in East or West Longitude, you also know 
whether the sun rose at Greenwich before or after it rose with you. You 
know then in this case, the sun rose at Greenwich before it did with you, 
and you will read off the time difference of 39.4 minutes on the top scale 
of the World Chart to the left or West of Greenwich or 0 hours time. 

Reading along the top of the base chart until we find 391^ minutes 
(nearest 39.4) and dropping to the bottom scale at this point, we find our 
longitude to be 09° 51' West. A more practical way is to drop down from 
the time scale to our computed latitude and plot the intersection of this 
line with our latitude, thus giving us our geographical position on the 
world chart. 

The previous example shows the method of obtaining your position 
in an East or West direction (your longitude) by noting the Greenwich 
Time at sunrise. 

Exactly the same method may be used at sunset when you will take 
the difference between sunset time for your date and the Greenwich 
Time from your watch at sunset. 








TABLE E. TRUE DIRECTION OF THE SUN when its top just shows above the horizon at SUNRISE (column R) and *hen its top disappears at SUNSET (column S) SOUTHERN LATITUDES For eye level 4 feet above surface of the sea 
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